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1. On a New Sprcimen of the Cuimmrow Fisu, Myrracanruus 
PARADOXUS, from the Lownr Lias near Lyme Ruets (Dorset). 
By Arruur Sairx Woopwarp, LL.D., F.R.S., F.LS., F.G.S. 
(Read November 22nd, 1905.) 


[Puate I.] 


In 1871 the late Sir Philip Egerton' communicated to the 
Geological Society an account of part of a fossil Chimeeroid from 
the Lower Lias of Lyme Regis, remarkable as exhibiting a peculiar 
prolongation of the snout like that of the existing Callorhynchus. 
He named the specimen Ischyodus orthorhinus. In the following 
year he described’ the somewhat anomalous dentition of a much 
larger Chimeroid fish from the same formation and locality, and 
regarded it as representing a previously-unknown genus and species, 
Prognathodus Guenthert. With the aid of additional specimens in 
1889, I was able to prove® that the dorsal fin-spine of the so-called 
‘Tschyodus orthorhinus’ was identical with an ichthyodorulite which 
had been named Myriacanthus granulatus by Louis Agassiz in 18377; 
while the dentition of the same fish, when satisfactorily preserved, 
agreed generically with that known as Prognathodus. I therefore 


1 «On a New Chimeroid Fish from the Lias of Lyme Regis (Ischyodus 
orthorhinus)’ Quart. Journ. Geol. Soc. vol. xxvii (1871) pp. 275-78 & pl. xiii. 

2 «On Prognathodus Guentheri, Egerton, a new Genus of Fossil Fish from 
the Lias of Lyme Regis’ did. vol. xxviii (1872) pp. 233-36 & pl. viii. 

3 «On the Myriacanthide—-an Extinct Family of Chimeroid Fishes’ Ann. 
& Mag. Nat. Hist. ser. 6, vol. iv (1889) pp. 275-80; see also ‘ Catalogue of the 
Fossil Fishes in the British Museum’ pt. ii (1891). 

4 ‘Recherches sur les Poissons fossiles’ vol. iii (1837) p. 40 & pl. viii a, 
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inferred that the larger ichthyodorulite named Myriacanthus para- 
dowus by Agassiz,! belonged to the same fish as the larger dentition 
named Prognathodus Giuenthert; and in this determination I was 
confirmed by the discovery of a very similar spine in association 
with a Prognathodus-like dentition in the Lithographic Stone of 
Bavaria.2 The name Myriacanthus thus acquired a definite zoolo- 
gical meaning, and no longer denoted a mere ichthyodorulite of 
doubtful relationships. 


Until the present time, however, the spine named Myriacanthus 
paradoxus has not been found in direct association with the 
dentition described as Prognathodus Guentheri. The expected 
discovery has at last been made, and as the new specimen displays 
some additional features of interest, it seems worthy of special 
description. ‘he fossil in question (PI. I, figs. 1-4) was lately 
obtained by Mr. S. Curtis from the Lower Lias of Black Ven, and 
has been acquired by the British Museum (Natural History), which 
already possesses the specimens previously described. It shows the 
dorsal fin-spine in direct connection with a mass of decayed cartilage, 
dermal plates, and teeth; and there can be no doubt that it 
represents the crushed and partly-scattered remains of a single 
individual. 

Much of the cartilage in the fossil is calcified in small polygonal 
tesseree, which are especially large and conspicuous on the rostral 
prolongation (r), and were originally mistaken by Egerton for 
shagreen. Part of the ascending limb of the pectoral arch (pct) 
is distinguishable among the confused remains. 

The dental plates are but slightly displaced, and are sufficiently 
well preserved for identification. The right palatine (ra) is 
exposed from the upper attached face, but its thin ascending 
externo-lateral edge is crushed inwards. Allowance being made 
for the small distortion, it exhibits the shape and proportions of 
the corresponding plate already described in the so-called ‘ Pro- 
gnathodus Guenther” The left palatine (l.pa) is less satisfactorily 
exposed from its lower or oral face, but exhibits the usual lack of 
the tritor on an oblique patch in its anterior half.? One of the 
vomerine plates (v) shows only the inner face by which it was 
apposed to its fellow of the opposite side. The hinder part of the 
lower border of the right mandibular dental plate is just visible (md), 
and the displaced presymphysial tooth (ps) is well shown from the 
inner aspect. The latter tooth (Pl. I, fig. 2) tapers rapidly to its 
inserted end, while its inner face is flattened, marked only by feeble 
transverse lines of growth, and bordered on each side by a rounded 
raised rim. In cross-section, the outer part of the tooth shows 
cancellated structure, and the tritor is confined to a thin inner layer. 


* ‘Recherches sur les Poissons fossiles’ vol. iii (1887) p. 38 & pl. vi 
: ie os eee a Ses ney Palaontologie’ rol i (1887) pp. 113-14 
g. 126. See also J. Reiss, Paleontographica, vol. xxxi ii 
Le Ee SE EE) graphica, vol. xxxiv (1887) p. 21, pl. ii, 


* See ‘Catal loRicheat af = 
a aS e alogue of the Fossil Fishes in the British Museum’ pt. 11 (1891) 
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The frontal spine or tenaculum (¢) is only partly shown in left 
side-view ; but it was obviously expanded at the base, and tapered to 
a point distally. It is relatively small, and its size denotes that the 
animal to which it belonged was immature.' The tecth and fin- 
spine, indeed, are only about two-thirds as large as those in the 
larger and best-known examples of the same species. Scattered 
beneath the anterior half of the tenaculum and farther forwards 
on the rostrum are numerous small hooklets, which doubtless 
originally assisted in the prehensile functions of the spine. Each 
of these hooklets (PI. I, fig. 8) is a polished recurved point fixed on 
an expanded base, which is marked by radiating furrows. Very 
minute hooklets and stellate tubercles of similar shape (fig. 8 a) are 
also visible in a patch on the anterior part of the fossil, and perhaps 
at the base of the dorsal fin-spine. They have already been noticed 
in the skin of the allied genus Chimropsis from the Bavarian Litho- 
graphic Stone.” It is curious that there are no traces of calcified 
rings marking the course of sensory canals. 

In addition to the frontal spine and hooklets just described, 
there are also remains of two, or perhaps three, pairs of the tuber- 
culated dermal plates, which have already been noticed in other 
specimens. The most anterior pair preserved (1) is that of which 
one plate is well shown in the type-specimen of Prognathodus 
Guenthert described by Egerton. The hollow, ridged plate (fig. 4) 
is ornamented by rows of smooth tubercles which radiate down 
the sides from the summit ; and its ridge is surmounted by large, 
longitudinally striated spikes, of which only two are exhibited in 
the new fossil, but of which there are four in a specimen in the 
Museum of Practical Geology (fig. 5).” One of a pair of narrow 
ridged plates is exposed from its attached face farther back in the 
fossil (111); and this is evidently identical with a plate represented 
in another specimen in the British Museum.* At the base of the 
tenaculum there is part of another plate (a1), which may be the 
fellow of that just mentioned, or may belong to an intermediate pair. 

The straight dorsal fin-spine, exposed in left side-view (d./), is 
much crushed, and has accidentally lost nearly all its thorn-shaped 
denticles ; but it is interesting, as displaying for the first time the 
complete base of insertion. This base is comparatively short, and 
tapers to a bluntly-pointed lower extremity. ‘The very slender apical 
part of the spine is almost destitute of tubercles on the sides, but is 
marked with conspicuous longitudinal striations. 


The new fossil thus warrants the conclusion that Myriacanthus 
is a Chimeeroid closely similar to the Upper Jurassic Chimeropsis, 
with (i) a median chisel-shaped tooth in front of the lower jaw; 
(ii) a few tuberculated dermal plates on the head ; and (iil) a tuber- 


1 On the growth of the frontal spine in male Chimeroids, see A. Gunther, 
‘Report on the Deep-Sea Fishes,’ Challenger Reports, vol. xxii (1887) p. 12. 

2K. A. von Zittel, ‘ Handbuch der Palaontologie’ vol. iii (1887) p. 113. 

5 B. Dean, ‘ American Geologist’ vol. xxxiv (1904) p. 52 & pl. ii, fig. C. 

4 Catalogue of Fossil Fishes’ pt. ii (1891) pl. ii, fig. 2. 5 
Ba 
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culated dorsal fin-spine. In these three respects it differs from all 
other known Chimawroids—even from the comparatively-primitive 
types which have been discovered during recent years in the 
Japanese seas.’ The Myriacanthide, in fact, have still no nearer 
ally than Callorhynchus, with which Egerton originally compared 
his so-called ‘ Ischyodus orthorhinus.’ 


WXPLANATION OF PLATE I. 


Fig. 1. Myriacanthus paradoxus, Agassiz; remains of anterior portion of fish, 
with dorsal fin-spine, one-quarter natural size—Lower Lias; Black 
Ven, Lyme Regis. [Brit. Mus. no. P. 10130.] d.f, dorsal fin-spine ; 
L.pa, left palatine dental plate; md, right mandibular dental plate; 
pet, cartilage of pectoral arch; ps, presymphysial tooth; 7, rostral 
cartilage ; 7.pa, right. palatine dental plate; ¢, frontal spine or tena- 
culum ; v, vomerine dental plate ; 1, 1, m1, dermal plates. 

2. Presymphysial tooth of the same specimen, inner aspect, natural size. 
8. Dermal hooklets from the rostrum of the same specimen, two being 
of the natural size, and the cluster (3 a) enlarged sixteen times. 

4, Dermal plate 1 of the same specimen, natural size. 
5. Corresponding dermal plate of another specimen of the same species, 
natural size. [Museum of Practical Geology, Jermyn Street, no, 1545. ] 


1 §. Garman, ‘The Chimeeroids, especially Rhinochimera & its Allies. 
Bull. Mus, Comp, Zool. Harvard, vol. xli, no. 2 (1904), with fifteen plates. 
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2. The Doncaster Earrnavake of Aprin 23rp, 1905, By Cuartes 
Davison, 8c.D., F.G.S. (Read November 22nd, 1905.) 


[Prarn II—Map.] 


I. Lyrropvcrion. 


On April 13th, 1902, a slight earthquake occurred in the north of 
Lincolnshire. Its intensity was not more than 4, and the area 
disturbed by it included about 600 square miles. The shock was of 
the simplest character, lasting on an average for 4 seconds, and 
consisting of a single series of vibrations, which increased in intensity 
to a maximum and then died away.’ Though of little consequence 
when considered as an isolated event, the shock derives interest 
from its probable connection with the much stronger twin-earth- 
quake which occurred in the same district three years later, on 
April 23rd, 1905.? 

On this day, there were two undoubted earthquakes, namely :— 


(a) About 1.30 a.m. 
(>) 1.37 4... (principal earthquake), 


In addition to these, several disturbances of uncertain seismic 
origin are reported :— 


April 23rd, about 1.39 a.m.: Barton-on-Humber.—A very slight shock, 
similar to that of the principal earthquake, and accompanied by a sound 
like distant thunder. 

April 28rd, about 2.5 a.m.: Farnsfield and Normanton-on-Trent.— A. slight 
shock, without any attendant sound, was felt at these places, both of 
which are more than 15 miles from the principal epicentre. 

, At Farndon (near Newark) subterranean noises are said to have been heard 
on several occasions, especially on April 27th, at 11.30 p.w., and on 
April 29th, about midnight. 


Il. Forr-SaHocx. 


(a) April 23rd, about 1.30 a.m. 


Number of records 2, from 2 places. 


A slight shock was felt at Epworth, and a rumbling sound was 
heard at Norton. Epworth lies between the two portions of the 


1 Geol. Mag. 1904, pp. 536-87. 

2 In the investigation of this earthquake, I have received great and welcome 
assistance from the following gentlemen, to whom my best thanks are offered :— 
Dr. Tempest Anderson, F.G.S., Mr, L. W. Bunting (of South Carlton, near 
Lincoln), Mr. G. Hibberd (of Laughton, near Rotherham), Mr. J. Dennis 
(station-master at Sutton, near Retford), the Rev. F. 8. F. Jannings (rector of 
Warmsworth, near Doncaster), Mr. T. J. Moore (of Hatfield, near Doncaster), 
Mr. EH. P. Richards (of Hathersage), and the Rev. A. P. Woodhouse (vicar of 
Tuxford), and the superintendents of police of the Dewsbury, Hckington, and 
Pocklington Divisions. The expenses of the investigation were defrayed from 
a grant received from the Government Research-Fund. 
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isoseismal 7 of the principal earthquake, and Norton about 8 miles 
north of Doncaster. At about the same time, a rumbling noise was 
heard at Bassingham (near Lincoln), and a shock was felt at North 
Collingham (near Newark). In the absence of records from inter- 
mediate places, it is uncertain whether the last two observations 
refer to a fore-shock connected with the Doncaster earthquake. 


UI. Pruovorean Harrnavakn. 


(b) April 23rd, 1.37 a.m. 

Intensity, 7; centre of south-western portion of isoseismal 7 -lat. 53° 263" N., 
long. 1° 1-2’ W.; centre of north-eastern portion of isoseismal 7, lat. 53° 86°5 N., 
long. 0° 43-7’ W. Number of records, 1428, from 662 places, and 68 negative 
records from 66 places. 


Time of Occurrence. 


Excluding estimates that are given approximately, the total 
number of records of the time is 695. Of these, 110 are regarded 
by their observers as accurate to the nearest minute. The average 
of the latter is 1.37 a.m., and, as the averages for the zones included 
between successive isuseismals differ from this by less than half a 
minute, it is probable that the time of occurrence at the epicentre 
was almost exactly 1.37 a.m. 


Isoseismal Lines and Disturbed Area. 


The five continuous curves on the map of the earthquake (PI. IT) 
are isoseismal lines of intensities 7 to 3; the broken-and-dotted line 
represents the boundary of the area disturbed by the earthquake of 
April 13th, 1902. 

The isoseismal 7 consists of two portions, which are approximately 
circular in form. The south-western and larger portion, which 
is the most accurately drawn of the series, is 187 miles long from 
north-east to south-west, 173 miles wide, and 244 square miles in 
area. Its centre lies half a mile north of Bawtry, in lat. 538° 26:3' N., 
long. 1° 1:2’ W. The course of the north-eastern portion is some- 
what uncertain towards the south-east, but probably does not vary 
by more than a mile from the true position. As drawn, it is 
9; miles long from north-east to south-west, 83 miles wide, and 
63 square miles in area. Its centre is about 4 miles east of Crowle, 
in lat. 53° 36°5’ N., long. 0° 43-7’ W., and lies 17 miles north-east 
of the former. ‘The centre of the disturbed area of the earthquake 
of 1902 is in lat. 53° 33-4’ N., long. 0° 41:5’ W., or about 32 miles 
south-south-east of the centre of the north-eastern portion of the 
isoseismal 7. 

The next isoseismal, corresponding to intensity 6, is roughly 
elliptical in form, 58 miles in length, 44 miles in width, and 2050 
square miles in area, ‘he direction of its longer axis is E. 38° N. 
and W. 38° 8. Its distances from the south-western portion of the 
isoseismal 7 are 14 miles on the north-west side and 123 miles on 
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the south-east side, and, from the north-eastern portion of the same 
curve, 14 and 16 miles respectively. 

The remaining isoseismals are somewhat less accurately drawn, 
and, in parts, may possibly vary as much as 2 or 8 miles from 
their true position. The deviation cannot, however, be of much 
consequence. The isoseismal 5 is 90 miles long from north-east 
to south-west, 76 miles wide, and contains 5300 square miles; its 
distance from the isoseismal 6 is 14 miles on the north-west, and 
18 miles on the south-east side. The isoseismal 4 is 126 miles 
long from north-east to south-west, 108 miles wide, and about 
10,700 square miles in area, and is distant 16 miles in both 
directions from the isoseismal 5. The isoseismal 3 is 166 miles 
long from north-east to south-west, 1380 miles wide, and about 
17,000 square miles in area, its distance from the isoseismal 4 
being 14 miles towards the north-west and 21 miles towards the 
south-east. I have also received records from several places out- 
side the isoseismal 3—from Liverpool, Lingen (in Herefordshire), 
Hugglecote and Winchcombe (in Gloucestershire), Soham (in Cam- 
bridgeshire), and Norwich; but I do not feel sure that the move- 
ments observed at these places were connected with the Doncaster 
earthquake. The area apparently disturbed by the earthquake was 
therefore about 17,000 square miles. 


Nature of the Shock. 


The twin-character of the shock was clearly recognized throughout 
a district overlapping the isoseismal 5 by a few miles in every 
direction, and was sensible to some observers as far as, and in three 
cases beyond, the isoseismal 4. Over the whole disturbed area, 
32 per cent. (or roughly 1 in 3) of the observers who noticed 
closely the nature of the shock detected either two maxima in a 
continuous series of vibrations, or two detached series of vibrations 
separated by an interval of a few seconds. The percentage varies 
in different districts, being 31 within the isoseismal 7, 38 between 
the isoseismals 7 and 6, 32 between the isoseismals 6 and 5, and 14 
between the isoseismals 5 and 4. These variations and the com- 
parativelv-small percentage are due: (1) at places within the 
isoseismal 5, and especially near the epicentres, to the perception of 
a continuous tremor between the two parts of the shock; and (2), 
at places outside the isoseismal 5, to the enfeeblement of the vibra- 
tions composing the weaker part. Thus, at Balne (9 miles north 
of Doncaster), the movement was continuous and contained two 
maxima, the first of which was the stronger; at Sheffield, the 
intervening tremor was less sensible, and the shock consisted of two 
detached parts separated by an interval of one second, the first 
being slightly stronger than the second ; at Thornton Curtis (9 miles 
north-east of Brigg), two series were felt, of which the second was the 
stronger, the interval between them being 3 or 4 seconds, and also 
two distinct sounds were heard, of which the second was the louder 
and separated from the first by 2 or 3 seconds; and, lastly, at 
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Humberstone (2 miles east of Leicester), the shock consisted of a 
single series of vibrations, lasting from 3 to 4 seconds, the intensity 
of which increased to a maximum and then died away. — 

Owing perhaps to the variable perception of the intervening 
tremor, the estimates of the length of the interval between the two 
parts of the shock lie between rather wide limits. The average of 
110 estimates is 33 seconds, There is, however, no evidence of the 
existence of a synkinetic band,’ within which the two parts of the 
shock coalesced, bordered by bands in which the shock consisted of 
two maxima of intensity. Thus, the interval between the occurrence 
of the two impulses must have been greater than the time required 
for the vibrations to travel from one focus to the other. 

That the two parts of the shock did not differ greatly in intensity 
is shown by the magnitude of the area over which the twin-shock 
was felt, and also by the very variable testimony of observers with 
regard to the relative intensity of the two parts, each part being 
regarded as the stronger by approximately the same number of 
observers. If we treat all the observations as of equal value, no law 
in the distribution of relative intensity is apparent; and it is only 
by rejecting all records, except those made by observers who were 
awake at the time and who evidently attended carefully to the 
phenomena, that any such law can be ascertained. It is then seen 
that the first part of the shock was slightly the stronger over the 
larger part of the disturbed area; while the second part was the 
stronger within a small and nearly-circular area indicated by the 
broken line (*) on the map of the earthquake (Pl. II). This area, 
which is about 20 miles in diameter, includes the centre of the 


north-eastern portion of the isoseismal 7, its own centre lying about 
6 miles to the north-east. 


Origin of the Double Shock. 


It is evident that the two parts of the shock originated in two 
detached foci ; though, in the intervening region of the fault, there 
must have been a slight displacement sufficient to account for the 
widely-felt tremor connecting the two series of vibrations. The 
two epicentres cannot be far distant from the centres of the two 
portions of the isoseismal 7, and are therefore separated by a dis- 
tance of about 17 miles. It follows, also, from the relative intensity 
of the two parts of the shock, that the impulse within the south- 
western focus took place a few seconds before the other and that 
it was slightly the stronger, the latter inference being confirmed by 
the larger size of the south-western portion of the isoseismal (ie 
further, that every point of the disturbed area was reached first 
by the vibrations from the south-western focus. ‘The second part of 
the shock was the more intense within the circular region near the 


north-eastern epicentre, owing to the proximity of the corresponding 
focus.” 


* Quart. Journ. Geol. Soe, vol. Lxi (1905) p. 21. 
2 Ibid. p. 28, fig. 3. 
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Seismographic Record. 

The earthquake was registered by the Omori horizontal pendulum 
at Birmingham, which city is 75 miles S. 28° W. of the principal 
epicentre. The record is too minute and ill-defined for reproduction, 
the range or double amplitude of the largest waves (the second, 
third, and fourth) being less than >}, inch, and corresponding to 
a movement of the ground of about 5,47 inch.’ The remaining 
vibrations are represented by mere notches on the trace, and in 
parts these cannot be separated. Altogether, there appear to be 
about thirty vibrations in about 15 seconds. The exact time of the 
first movement I am unable to determine. 


Sound-Area. 


The boundary of the sound-area is indicated on the map (PI. II) 
by the dotted line. Except towards the north-east, it overlaps the 
isoseismal 4 by a few miles, extending 11 miles beyond it towards the 
south-west, and falling short of it towards the north-east by 3 miles, 
It is 135 miles in length, 115 miles in width, and about 12,000 square 
miles in area. 

For a strong earthquake, the sound was heard by an unusually- 
large proportion of the observers: the percentage of audibility for 
the whole disturbed area being 93. The same high percentage is 
also maintained to a considerable distance from the epicentres : 
being 94 within the isoseismal 7, 94 between the isoseismals 7 
and 6, 93 between the isoseismals 6 and 5, 86 between the iso- 
seismals 5 and 4, and 67 between the isoseismal 4 and the boundary 
of the sound-area. Nor is there any sensible variation with the 
direction from the epicentres ; for, in attempting to draw isacoustic 
lines by the method employed for the Derby earthquakes of 1903 
and 194, the change in audibility from one square to another was 
found to be small and irregular.” There is no trace of any strength- 
ening of the sound in the directions at right angles to the longer 
axes of the isoseismals—a result which is in agreement with the 
absence of a synkinetic band. 


Nature of the Sound. 


The total number of descriptions of the earthquake-sound is L061. 
In 43 per cent. of these, the sound is compared to passing traction- 
engines, motor-cars, etc., in 29 per cent. to thunder, in 12 to wind, 
in 4 to loads of stones falling, in 4 to the fall of a heavy body, in 6 
to explosions, and in 2 per cent. to miscellaneous sounds. These 


‘ Tt is probable that the actual displacement of the ground was greater than 
this, for the deposit of soot on the paper clearly hindered the movement of the 
pendulum. 

2 With a very large number of observations, it would of course haye been 
possible to draw the isacoustic lines. But when, as in this case, the number of 
records from places within any square is not great and the number of negative 
records very small, one more or one less negative record causes a considerable 
change in the percentage of audibility. The irregular variations in audibility 
are probably to be explained in this manner. 
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figures agree closely with those obtained for the Derby earthquake 
of 1904." 

The variation in the nature of the sound with the distance from 
the epicentres is shown in the following table (1), in which the figures 
are percentages of comparison to the different types for each of the 
districts mentioned :— 
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Thus, with increase of distance from the epicentres, there is a 
marked diminution in the proportion of comparison to sounds of an 
abrupt or irregular character, and a corresponding increase in those 
of a smooth or monotonous type. 


Time-Relations of the Sound and Shock, 


In Table II (below), the letters p, c, and f indicate the number of 
records per cent. in which each of the principal epochs of the sound 
(namely, the beginning, the epoch of maximum intensity, and the 
end) preceded, coincided with, or followed, the corresponding epoch 
of the shock; the letters g, e, and J show the number of records 
per cent. in which the duration of the sound was greater than, equal 
to, or less than, that of the shock. 
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* Quart. Journ. Geol. Soe. vol. 1xi (1905) p. 14. 
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From this table it follows: (1) that, as in previous British 
earthquakes, there is no evidence of any difference in velocity of the 
sound-waves and of the waves containing the larger vibrations which 
form the sensible shock ; and (2) that the sound before and after the 
shock was more prominent than usual, indicating that the marginal 
regions of the foci were of comparatively-large dimensions in a 
horizontal direction, 


TV. Oniein or tHe KaArtTHQuaKke. 


The only known element of the fault in which the earthquake of 
1902 originated is its average direction, which is HE. 25° N. and 
W. 25°S. For the earthquake of 1905, little more can be deter- 
mined. The line joining the centres of the two portions of the 
isoscismal 7 runs north-east and south-west, and the longer axis of 
the isoseismal 6 is directed E. 38° N. and W. 38°S8. It is probable 
that the latter coincides the more nearly with the average direction 
of the originating fault. If the isoseismal lines are accurately 
drawn, we should infer that the fault hades towards the north-west 
within the south-western focus and towards the south-east within 
the north-eastern focus. The distances between the isoseismals 7 
and 6 differ, however, by so small an amount that it seems to me more 
reasonable to conclude that the originating fault is nearly vertical 
in this portion of its course, though perhaps hading slightly to the 
south-east in the neighbourhood of the north-eastern focus. It could 
hardly be otherwise, if the earthquakes of 1902 and 1905 were 
connected with the same parent-fault. 

Of the existence of this connection there is no direct proof; but 
its probability may be inferred for several reasons:—(1) both 
earthquakes occurred in a district seldom visited by such disturb- 
ances ; (2) the north-eastern epicentre of the earthquake of 1905 
is very close to the minor axis of the earthquake of 1902; and 
(3) the direction assigned to the originating fault in each case 
is nearly the same. ‘The displacement which gave rise to the 
earthquake of 1902 would be more likely to lead up to a dis- 
placement along the same fault than to one in another fault of the 
same system. 

With regard to the fore-shock in 1905, there is but little evidence; 
it may have originated in the interfocal region or in the north-western 
focus, but the displacement causing it was too small to have had 
much influence on the succeeding movements. ‘The first of these 
occurred in the south-western focus, and rapidly extended across the 
interfocal region until another comparatively-large slip took place 
within the north-eastern focus. Of the two principal movements, the 
latter was slightly less pronounced than the former, possibly owing 
to relief of stress three years before. There is no evidence of any 
after-slip in the interfocal region ; but this may have been rendered 
unnecessary by the movement that intervened between the two chief 
impulses. 

A twin-earthquake, as I have endeavoured to show in a recent 
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paper,! is due to the differential growth of a crust-fold along a fault 
which intersects it transversely. As a general rule, the first move- 
ment is a rotation of the middle limb accompanied by the almost 
simultaneous slip of the two arches, and followed after an interval, 
which is usually brief, by a shift of the middle limb. The move- 
ments, in which the Doncaster earthquake originated, presented a 
slight variation in order. They consisted of successive, but con- 
tinuous, displacements, first of the south-western arch, then of the 
middle limb, and finally of the north-eastern arch. 


EXPLANATION OF PLATE II, 


Map illustrating the area affected by the Doncaster earthquake of April 23rd, 
1905, on the scale of 25 miles to the inch, 


* «Twin-EHarthquakes ’ Quart. Journ. Geol. Soe. vol. lxi (1905) pp. 18-33. 
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3. Uhe GuactaL Pgriop in ABERDEENSHIRE and the SovurnerN 
Borper of the Moray Fiera. By Tuomas F, Jamreson, F.G.S. 
(Read November 8th, 1905.) 
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I, Lyrropvcrory. 


Tuat north-eastern angle of Scotland which lies between the Moray 
Firth and the Firth of Tay presents some special features of 
interest in connection with the history of the Glacial Period, 
inasmuch as it seems to have been less heavily covered with ice 
than the rest of Scotland. Nevertheless, no part of the area 
appears to have escaped invasion, for the ice which filled the basin 
of the Moray Firth extended over all the southern border of that 
basin, and even overflowed a considerable part of Aberdeenshire, 
spreading southward until it met those streams which, proceeding 
from the Grampian Mountains, moved eastward along the valleys 
of the Dee and the Don. No part of the surface, therefore, escaped 
abrasion by the ice; and no remnant of pre-Glacial Tertiary deposits 
has hitherto been found in any part of the area, even in those spots 
where one would have thought that they might have been most 
likely to be preserved. Neither has any trace been obtained of the 
mammalian fauna which inhabited England during the inter-Glacial 
Period. No remains of the Mammoth, not even a tooth or a tusk, 
have been met with in any of the railway-cuttings or other ex- 
cavations (so far as J am aware), although such have been found in 
Ayrshire and in the Basin of the Forth. 


Il. Tur Rep Cray or ton ABERDEENSHIRE Coast—itTs 
Oricin AND DERIVATION. 


One of the most interesting features in the Glacial Geology of 
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Aberdeenshire is the Red Clay which occurs along the eastern coast 
of that county. Some account of it will be found in vo). xxxviil 
of this Journal (1882) p. 160, where I endeavoured to show that 
it had been formed during a time when there was a flow of ice 
along the coast from south to north, caused apparently by the 
approach of the Scandinavian Glacier, which had the effect of blocking 
the natural outlet of the Scottish ice to the east, and compelling it 
to turn along the coast nearly at right-angles to its natural course. 
This northward flow brought with it red sediment and multitudes 
of stones from the sandstone-rocks and associated volcanic beds of 
Forfar and Kincardine. A subsequent visit to that district enabled 
me to ascertain that the mineral character of the volcanic fragments 
which occur in this Aberdeenshire Clay, is identical with that of 
the rocks along the coast between Montrose and Lunan Bay. Here 
I may mention that so long ago as December 2nd, 1840, Sir Charles 
Lyell! remarked that the observations of Mr. Blackadder and himself 
led them to infer, that a great flow of glacier-ice had at one time 
gone along the Valley of Strathmore from Dunkeld north-eastward 
to the sea at Lunan Bay; a circumstance which harmonizes very 
well with the further transport from Lunan Bay northward along 
the coast to Aberdeen. If this diversion of the Scottish ice from its 
natural direction was caused by the approach of the Scandinavian 
Glacier, it enables us to connect the Glacial history of Scotland with 
that of the Norwegian ice when it attained its great spread to the 
west. I shall therefore give some further particulars regarding these 
Red-Clay beds, as new opportunities of studying them have arisen 
since | wrote my paper on the subject. A line of railway has been 
formed from Ellon to Cruden, right through the district where 
they are best developed, and in the cuttings of this line some 
interesting sections were brought to view. Large excavations have 
also been made near Peterhead, in connection with a convict-prison 
and a harbour of refuge; while near Aberdeen fresh diggings have 
been opened up in the clay-pits, as well as excavations for some deep 
sewers Close beside them. 

These red beds exhibit a great variety of character. Sometimes 
they consist of thick masses of pure clay, which is often finely 
laminated, a proof of tranquil deposition in water of some depth. 
Sometimes thick beds of fine sand and gravel are associated or inter- 
stratified with this clay. In other places the clay is of coarser 
quality, being mixed with stones, and showing no appearance 
of stratification; in which cases it often presents a hard firm 
texture, quite like a Boulder-Clay. All these varieties, however 
pass occasionally into each other, as if they belonged to one and the 
same series. The character of the sections changes frequently and 
abruptly, sometimes within a few yards. The arrangement is not 
often in straight regular beds, but is generally undulating, often 
rapidly so. Finally, there are in some places esker-like mounds of 
gravel, such as those beside the Loch of Slains, which contain the 


* Proe. Geol. Soe. vol. iii (1842) p. 342. 
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débris of Crag-shells and fragments of Secondary limestone. These 
mounds, I find, form part and parcel of this Red-Clay Series, for the 
Red Clay occurs both above and below them. 

From the foregoing account it will be seen that this Red-Clay 
Series presents features somewhat resembling the Drift-deposits of 
Lancashire and Cheshire, and like them it occasionally contains sea- 
shells, generally more or less broken. In certain localities, as at 
Aberdeen and Peterhead, clay of a different colour is interstratified 
or mixed with the red, showing that there has been in such places 
a mingling of sediment from different sources. 

The esker-like mounds of gravel occur along what seems to have 
been the western border of the mass of ice which came northward 
along the coast. These mounds may have been formed by streams 
of water tumbling from the margin of the glacier, and washing off 
the mineral débris embedded in or lying on the ice. The purer 
masses of clay seem to have resulted from clouds of muddy sediment 
subsiding in a sheet of water lying in front of the ice, between 
it and the land. 


In connection with these Red-Clay beds one noteworthy circum- 
stance is the evidence which they afford that, at the time when this 
northward flow took place along our coast, the Aberdeenshire ice 
was shrinking, or had already shrunk, much within its former limits. 
During the preceding period, when the subjacent grey Boulder-Clay 
was deposited, the Aberdeenshire ice came down to the coast, and 
even advanced beyond it; but, during the deposition of the Red 
Clay, this local ice had made a decided retreat, and the coastal 
district was under water. Specially was such the case in the Valley 
of the Dee. ‘This river takes its rise among the mountains of 
Braemar, the highest group of hills in Britain, and flows along a 
well-defined valley terminating in the sea at Aberdeen. It might 
therefore be thought that here, if anywhere, we should have had a 
very large and persistent glacier. Nevertheless it is quite clear, 
that during the deposition of the Red Clay the Glacier of the Dee 
had receded some distance up the valley ; for the Red Clay lies right 
across the mouth of the stream at Aberdeen, and wasted patches of it 
have been noted for about a couple of miles up the bed of the river. 
This shows that the Aberdeenshire ice must have been comparatively 
thin, so that it melted away long before the heavy ice which 
covered the Western Highlands and the valleys of Perthshire. 
There is nothing unintelligible in this, for the lay and its main 
tributaries take their rise in the rainy district of the West, where 
the fall of snow during the Glacial Period seems to have been very 
heavy ; whereas Aberdeenshire and its rivers lie on the drier side 
of the country, where the fall of snow was doubtless much less. 
Therefore, from meteorological considerations alone, we might expect 
the local ice there to have been much thinner. Consequently, the 
glacier that filled the Valley of the Dee would shrink long before 
the glacier which came down the Valley of the Tay, and along 
Strathmore to Lunan Bay. 
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In Strathspey, which has a comparatively slight rain fall, asimilarly- 
early shrinkage took place, as we know from the phenomena of the 
Parallel Roads of Glen Roy, and other facts which I shall mention 
farther on. In proof of the state of matters at the mouth of the 
Dee, we have excellent evidence in the clay-pits at Aberdeen, 
These were formerly worked on both sides of the river, but of late 
only on the south side at Torry, where the clay has long been dug 
for the manufacture of drainpipes and bricks. I have visited the 
excavations at intervals for the last forty years or more, and am 
consequently well acquainted with the varying nature of the sections 
displayed there. 

The river at Torry is bordered on the south side by a ridge about 
150 feet high, which consists of granite and gneiss covered by Glacial 
Drift. ‘The bed of fine clay, used for industrial purposes, occupies 
a sort of hollow nestling in the northern flank of this ridge, and 
thins out at an altitude of about 50 or 60 feet above the sea-level. 
It rests upon a grey Boulder-Clay which is rarely exposed to view, 
owing to the rise of water in the bottom of the pits. The lowermost 
portion lying immediately on the top of this Boulder-Clay is of a 
similar grey colour, and contains some irregular masses of sand and 
gravel of a like hue. The thickness of this grey portion, when best 
displayed, I found to be about 14 feet. This grey clay is delicately 
laminated by the interposition of films of mica between the leaves 
of clay. Above it comes a mass of red clay of a stiffer and more 
waxy nature than the grey, owing to the much smaller proportion 
of fine sand which it contains. This red clay at Torry attains 
in some places a depth of 14 feet, thinning out towards the ridge 
and thickening towards the river. Where it meets the subjacent 
grey clay, the two are generally interstratified for some distance. 
Above the red there is a few feet of grey clay, similar in colour 
to that which lies beneath, but of coarser texture and without 
appearance of lamination. ‘This upper grey clay is often altogether 
absent, owing to the denudation which the top of the beds has 
undergone. A mass of ferruginous pebbly gravel of later origin, 
from 4 to 7 feet thick, lies upon the denuded top of the clay. The 
red and grey clays at the bottom are remarkably free from stones ; 
often not a pebble of any kind is to be seen, but now and then a 
stone or two does occur, generally of no great size. No shells 
have ever been found in this Torry Clay, so far as I know. From 
the red clay I have, by washing and sifting, extracted one or two 
specimens of foraminifera, but they seem to be rare, and I did not 
meet with any ostracoda, In the grey clay I found no organisms 
of any kind. 

These clays at Torry have all the appearance of having heen 
deposited in very tranquil water, after the Glacier of the Dee had 
retreated some distance up the valley. The stillness of the water 
may have been caused by a thick covering of ice, which would 
account also for the absence of stones. The grey bottom-clay was 
probably formed from the fine mud proceeding from the end of the 
Dee Glacier, but the red clay marks the incoming of sediment from a 
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totally-different quarter, when the Glacier of the Dee had apparently 
retreated still farther back. 

In the old clay-pit on the north side of the river opposite Torry, 
the section was very similar,’ but the beds were deeper, the Red 
Clay being 17 feet thick. This pit is now closed, and those at 
Torry also. 

The Red Clay and sand, however, attain their greatest development 
to the north of Aberdeen, in the neighbourhood of Ellon, and in the 
coast-parishes of Slains, Cruden, Peterhead, and St. Fergus, which 
le to the north of the River Ythan. On the lands of Ardiffery, 
near the parish-church of Cruden, the depth reaches 100 or 150 feet, 
and may be even more. Here a large proportion of the mass 
consists of sand, much of it very fine-grained and free from stones ; 
varying in colour from reddish to pale-grey. Other portions 
are coarser and more pebbly, with some small débris of yellow and 
grey limestone. Crumbs and dust of Crag-shells’ can generally 
be detected where this limestone-débris occurs in the sand and 
gravel. Beds of Red Clay are met with in any part, both above and 
below the sand, while seams of the two are often interstratified. 

The character of the surface here is very noundy—large swelling 
mounds, but these do not run in long narrow lines like eskers, The 
stratification in their interior is generally undulating and irregular. 
The sand and gravel looks as if it had been shot down in great 
heaps. Much of it is well washed and free from muddy sediment, 
and there is a marked absence of big stones and boulders in the 
interior of these sand-beds; but afew big stones seem to occur 
on the surface in all parts of the district. It seems to me that the 
explanation of this heavy mass of material being lodged here, may be 
that great streams of water flowed off from the glacier at this place, 
washing out the mud, sand, and mineral-débris embedded in the ice. 
Farther off from where the border of the glacier seems to have 
existed, we find the deposit to be more of a clayey nature, lying in 
flatter widespread sheets ; whereas, along what had been the margin 
of the ice, the surface is moundy, the accumulations much deeper, 
and the stuff consists mostly of washed gravel and sand, sometimes 
of very pebbly gravel, with occasional masses of coarse mud or 
Boulder-Clay. 

In one of the railway-cuttings at Port Errol, in the parish of 
Cruden, there was a bed of Red Clay from 30 to 40 feet thick, having 
much the same composition from top to bottom. It showed no 
distinct stratification or lamination, and contained some small stones 
dispersed through it. 

At Belscamphie, which forms the north-western boundary of the 
pebbly gravel that contains the débris of Crag-shells (doc. cit.) and 
Secondary limestone, the section was as follows. At the bottom was 
a mass of Boulder-Clay of a very dark indigo colour, containing small 
fragments of crystalline schist and granite. This rests upon the 
schistose rocks of the district, which crop out a little farther on in the 

' Quart. Journ. Geol. Soe. vol. xiv (1858) p 510. 
* Ibid. vol. xxxviil (1882) p. 145. 
Q.J.G.8. No, 245. C 
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exposure. The Boulder-Clay has an irregular undulating surface, 
and varies in thickness, but is not more than a few feet deep where 
the bottom is exposed. Above it lay a bed of Red Clay, followed by 
a bed of fine clean-washed sand. Then, on the top of the sand, came 
the rough gravel containing pebbles of yellow limestone, sandstone, 
and erumbs of (Crag) shells. In some places this stuff reached nearly 
to the top of the cutting; in others it was covered by a few feet of 
Red Clay and gravel. The total depth of the section was about 
16 fect. The chief interest lay in its showing that the pebbly gravel 
containing débris of Crag-shells forms a member of the Red Clay 
Series, and that the whole lies above a bed of Boulder-Clay of quite 
a different hue and character, containing not a vestige of the 
limestone, sandstone, or shelly débris. This section is near Pitlurg 
railway-station. 


In some of the projecting parts of the coast the Red Clay is often 
quite like a Boulder-Clay, being very firm and unstratified, with 
small stones dispersed through it. This is well seen at present 
along Peterhead Bay. Close to the south side of the town the 
shore is formed of low rocks of red granite, which are covered by a 
mass of hard grey Boulder-Clay, 10 or 12 feet thick, containing 
stones of gneiss, quartz, and granite. The surface of the rock 
does not show marks of glaciation, so far as | could see. In passing 
along the Bay southward, the grey Boulder-Clay is very soon observed 
to become covered by a mass of Red Clay, which gradually attains 
a thickness of about 10 feet. It is nearly as hard and firm as the 
grey clay beneath, and contains a good many stones, some of which 
seem to have been derived from the Old-Red-Sandstone Conglo- 
merate. It has all the appearance of a Boulder-Clay, such as would 
be found in a red-sandstone district. On advancing still farther along 
the Bay southward, one sees the granite gradually sink out of sight, 
and the grey Boulder-Clay thin nearly quite away into a mass of 
coarse granite-rubble. The Red Clay, on the other hand, grows. 
thicker; and at Invernettie, about a mile south of Peterhead, where 
the bay curves more inland, the granite and its covering of grey 
Boulder-Clay have both sunk out of sight, but the Red Clay attains 
a much greater development. 

The section is not now exposed as it was some years ago, when 
the tile-work was in full operation, but when best displayed I 
found it to be as follows. At the base was a mass of fine stratified 
sand, which seemed to descend below sea-level, but was not much 
exposed. On the top of this sand was a bed of fine laminated 
brown clay (what the workmen called leaf-clay), which varied 
in thickness from 1 to 4 feet. Above this was a mass of clay 
attaining in some places a thickness of 15 feet, of a decided red 
colour; generally of fairly-pure quality, but showing no clear 
stratification, and haying some stones dispersed through it. The 
top of this bed exhibited an undulating outline, and was covered 
by an irregular seam of coarser stuff from 6 inches to 8 feet thick, 


composed chiefly of small débris of gneiss and mica-schist. Above’ 
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this was a deep mass—20 feet thick or more—composed of 
darkish mottled brown clay, varying much in colour, as if a red 
and a blue had been jumbled together. It was quite unstratified, 
and contained more stones than the Red Clay beneath. These 
stones are of a great variety of kinds, and among them are some 
large ice-worn boulders, from 2 to 4 feet long. Above this came 
from 3 to 4 feet of coarse pebbly clay, of a more ferruginous 
tint, with a foot or so of arable soil at the surface. The total 
height of the bank is about 65 feet above the sea. The relative 
thickness of the beds varies in different places, but the section is 
now quite obscured by slips. In some places here the Red Clay 
is curiously streaked with clay of a dark bluish colour, derived 
apparently from a different source. In one spot, near the base 
of the section, I found a boulder of granite 2 feet in diameter, 
sticking in the fine sand and reaching partly up into the laminated 
clay above it. This stone was encased in a skin of bluish-grey 
gritty mud, 1 or 2 inches thick, quite different from the clay 
surrounding it, as if the stone had been covered with this mud 
when it dropped out of the ice, and fell down into the clay at the 
bottom of the water. 

In the excavations for the convict-prison, which adjoins Inver- 
nettie on the south side, an irregular undulating band of blue clay 
was found in the midst of the red, accompanied occasionally by a 
bed of gravel, which contained a few broken shells, Many blocks of 
red sandstone were met with in the cuttings for the prison ; likewise 
a bit of hard Chalk, with a cylindrical fossil in it about the size and 
thickness of a cigarette (? Belemmnitella), and stones of many different 
kinds. Among thebroken shells, I observed Cyprina islandica, Pecten 
islandicus, Astarte arctica, Panopea, Mytilus, Cardium, Fusus, and 
Balanus.* 

I have noticed a similar bed of blue clay among the red near 
Cruden Bay. Itis generally very undulating, of irregular thickness, 
and contains ice-scratched boulders. ‘To the north of Peterhead, 
in the parish of St. Fergus, dark-blue clays are more developed, 
and are found embedded in the red, which shows that they belong 
to approximately the same period. North of St. Fergus the Red 
Clay disappears, and is replaced by clay of a dark indigo colour, 
sometimes nearly black. This dark clay extends along the coast 
westward, past Banff, on to Portsoy and Cullen, and indicates a 
transport from north-west or west. 


Since writing my former paper on the Red Clay I have 
found a few more instances of glacial markings on the rocks 
along the coast of Cruden, running in a general direction 
from south to north, or parallel to the coast; but they were 
exceedingly slight and of no great extent. Those at Murdoch 
Head, pointing towards the Buchan-Ness Lighthouse, are still the 
best that I haye been able to discover, and are unequivocal. The 

1 Further details regarding the clay-beds near Peterhead will be found in 


Quart, Journ, Geol, Soe. vol. xiv (1858) p. 518. 
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rock there, however, is being quarried away, so that ere long they 
may disappear. These markings are at the top of the cliff, and 
are covered by red Boulder-Clay, at an altitude of 100 feet above 
the sea. 

The glaciation of the rocks along the coast of Slains, Cruden, 
and Peterhead seems to have been so slight as to be scarcely 
observable. Perhaps the ice was not very thick, or was buoyed up 
by the water which submerged the coast at that time, or it may 
have had little motion. The granite below the grey Boulder-Clay 
at Peterhead shows a like absence of glaciation. At the Govern- 
ment Quarry, on the west side of Stirling Hill, the rock, when 
newly uncovered, does show indications of abrasion by an agency 
coming from south or south-east, but I could find no undoubted 
scratches or scoring by the ice. 


TIl. Rerarion or tHn Cuaxk-F tints ro THE Rep Cray. 


In the patches of Red Clay found sporadically on the top of 
Stirling Hill and the adjoining eminences, fragments are common of 
the crystalline schists, which form the rocky coast of Slains and 
Cruden lying to the south-east at a lower level. This shows that 
there had been an upward transport over the hill from that quarter 
during the time of the Red Clay. All this harmonizes with the 
general bearing of the evidence formerly detailed. 

More interesting evidence, however, is derived from the distri- 
bution of the Chalk-flints which cover the ridge running inland 
trom the sea at Buchan Ness. ‘These flints lie generally thickest on 
the top of that ridge, but extend also down both sides of it. I 
find, however, that for about 2 miles inland from the coast they have 
been swept off, apparently by an agency moving across the ridge 
from south to north. The end of the ridge next the sea is called 
Stirling Hill, the adjoining summit to the west is called the Hill of 
Longhaven, and the next Coldwells. They are all composed of red 
granite, and rise to a height of about 300 feet above the sea 
forming a continuous ridge: the last-mentioned portion attaining 
an altitude of 329 feet, which is the highest summit. All over the 
southern slope of these heights the flints are entirely absent 
and on the top and eastern end of Stirling Hill the same is nearly 
the case. On the top of Longhaven Hill a stray flint or two may 
be found, and they become more numerous as we approach the 
northern brow of the ridge, but on descending the north side the 
immediately become plentiful; while, in the Den of Boddam oe 
is a little, narrow, winding ravine running along the north. side of 
Longhaven Hill, they lie in vast profusion. The same is the case 
on the farm of Sandford Hill, on the north side of the Den. All 
over this space the flints lie thicker than I have seen them in an 
other part of Aberdeenshire, or, indeed, of Scotland, forming in Ne 
inves ee mounds known as the Saddle Hills. 

ocks 0 granite; some of them 4 to 6 feet long, lie on the to 
the flints along the northern shoulder of the Longhaven ridge, a ‘f 
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they had been swept down from above by the same agency as that 
which carried off the flints. At the granite-quarry on the west side 
of Stirling Hill, there is a like absence of flints on the crest of the 
ridge, but they are found plentifully in the hollow to the north of 
the quarry, where they are mixed with much coarse granitic sand, 
which seems to have been scoured off the rock by the passage of the 
ice. At the Hill of Coldwells, although there are no flints on the 
south side, these make their appearance as soon as we reach the top, 
where they are in many places quite plentiful. The bare granite 
crops out all over the summit of Longhaven and Stirling Hills, 
especially along the seaward front of the latter. At Coldwells, 
which lies farther inland and attains a somewhat greater height, 
the denudation has been less complete, and the rock is scarcely 
exposed, 

Another proof of the northward movement of ice along the east 
side of Aberdeenshire may be mentioned. When the railway- 
cutting at New Machar Station was in progress, I observed that the 
edges of the nearly-vertical beds of gneiss were bent over at the 
surface from south or south-west to north or north-east, as if by 
the passage of ice coming from the southward. This station is 
about 9 miles north-north-west of Aberdeen. “Esker-like mounds 
of gravel may be traced a little inland along the coast from 
Belhelvie northward, throughout the parish of Foveran, on to the 
village of Newburgh on the River Ythan. These mounds occa- 
sionally have some Red Clay on the top, and contain fragments 
derived from the red sandstones. They probably mark the border 
of the stream of ice which came along the coast from the south, 
during the time of the deposition of the Red Clay. 


IV. Question or SUBMERGENCE. 


It is quite clear to me that this Red Clay has been brought to 
Aberdeenshire by a drift of ice from the south, at a time when the 
coast was submerged beneath water to a level exceeding 300 feet 
above the present coast-line. Whether this submergence was 
caused by a depression of the land beneath the present sea-level, or 
by a sheet of water hemmed in between the ice and the land, is 
not quite clear. The evidence afforded by the Red-Clay beds in 
Aberdeenshire is not conclusive on this point, for as yet they have 
failed to yield any instance of a bed of undisturbed sea-shells in 
what would scem to be their original habitat; although such 
instances do occur to the southward at Montrose, Errol, Elie, and 
probably some other localities. In Aberdeenshire, the few shells 
met with in the Red Clay are generally more or less broken, and may 
have been transported from a distance ; it is true that a few whole 
ones have also been found. 


VY. Succrsston or Bups—an Orppr BourpEer-Ciay DIscovERED. 


The whole of our Glacial Beds in Scotland are, no doubt, later 
than the Forest-Bed Series of the Norfolk coast, perhaps later even 
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than the Chalky Boulder-Clay of that region. In the Ellon 
district of Aberdeenshire the regular succession, beginning at the 
surface, is—(1) Upper Boulder-Clay and gravel ; (2) the Red-Clay 
Series, consisting of clay, sand, and gravel; and (3) grey Boulder- 
Clay, which usually rests upon the old rocks of the district, and 
seems to have been lodged by a sheet of ice coming from about 
west-north-west. 

Recently, however, [ have found remains of a still older Boulder- 
Clay of a very distinct character. These instances occurred near 
Ellon railway-station, between the line of railway and a low rocky 
eminence called the Craigs of Auchterellon. This eminence 
consists of a mass of gneiss jutting out across the valley on the 
north side of the Ythan, and rising to a height of nearly 100 feet 
above that stream. Some wells have been sunk at the east side of 
these rocks, and it was in digging them that this older clay was 
discovered. After getting through the Red Clay and the underlying 
grey Boulder-Clay, a mass of very dark indigo-coloured clay was 
reached, of a finer quality, with fewer and smaller stones; but 
what was most remarkable, was the circumstance that it contained 
small fragments of sea-shells, generally mere crumbs, but some few 
of them in such condition as enabled me to recognize Cyprina 
islundwea, Astarte arctica, and a bit of a Balanus. Moreover, some of 
them showed clear marks of glacial rubbing, like those met with in 
the Caithness Drift. Now, the grey Boulder-Clay here has never 
yielded any trace of shells or other organisms. It has always 
proved barren, with no remains of animal or vegetable life. his 
dark blackish clay is, therefore, evidently a distinct and older 
deposit, and its occurrence in this particular spot has no doubt been 
due to its lying on the east and lee side of the rocky eminence, 
which sheltered it from the demolishing action of the ice-stream 
that lodged the grey Boulder-Clay, whose flow was here from west 
to east, 

Many other wells have been sunk at Ellon, but it is only in those 
close to the east side of the Craigs that this older black clay has 
been found; and it is thickest in those wells which are nearest to 
the east side of the rocks. 

It is also the case that the Red Clay is thickest and best preserved 
on the east side of similar eminences, and for the very same reason : 
these having sheltered it, to some extent, from the denuding action 
of the later ice-sheet, which lodged the Upper Boulder-Clay and 
gravel. In the well nearest the Craigs the black clay was 20 feet 
thick, and then the bottom was not reached. In another, a little 
farther off, about the same thickness was got, but here the bottom 
was apparently touched. It was covered by 20 feet of the grey 
Boulder-Clay, above which came 6 feet of waxy Red Clay, and 
6 inches of arable soil at the surface. In both wells the black 
clay contained remains of shells, and was of similar character. 

The discovery of this old dark Boulder-Clay, so distinct in its 


features, and lying below the grey (which is the bed usually found 
next the rock in this quarter), 


brought to my recollection the fact: 
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that I had noticed a somewhat similar dark clay in a like position 
in other places, but not showing any shell-fragments. Thus, in a 
railway-cutting a few miles south of Ellon, I had observed that the 
lowermost part of the section was composed of a very dark indigo- 
coloured clay, in which I found a piece of fossiliferous shale con- 
taining the impression of a small ammonite, and what seemed to 
be fish-scales, 

The bottom-clay in the railway-cutting at Belscamphie, on the 
Cruden line, mentioned on p. 17, is also very like the dark bed at 
Craigs of Auchterellon. I found, however, nothing remarkable in it, 
although I did get a crumb or two of what might have been shell, 
which effervesced on being treated with acid. I could also 
mention other localities in this quarter, where a very dark bluish 
clay occurs beneath a Boulder-Clay of greyer hue. 

I therefore think that there may have been a fairly-widespread 
dark clay of older date than the grey, and formed by a previous 
phase of the ice. ‘he action of a thick sheet of glacier-ice moving 
over the surface of a country would be something like that exerted 
by a carpet dragged over a floor, and, if long-continued, would leave 
very little if any older loose stuff behind it. Its plastic nature and 
heavy pressure adapt it so closely to all irregularities of the floor 
on which it rests, that hardly any place can escape its friction; and 
this accounts for the entire absence of all remains of pre-Glacial 
Tertiary deposits in Scotland. Each recurrence of an ice-sheet 
would tend to wipe out the material left by its predecessor, especially 
if the later one was heavy and long-continued. 

Although, then, we have some evidence of more than one re- 
currence of an ice-sheet in this part of Scotland, no evidence has 
hitherto been obtained of warm intervals, further than what may be 
inferred from the melting-away of the vast mass of ice which 
preceded and followed the deposition of the Red Clay and the shell- 
beds at Clava and elsewhere. It must have taken a great deal of 
heat to melt these enormous masses. The deposition of the Red 
Clay seems to have followed close upon the retreat of the ice which 
lodged the grey Boulder-Clay. There is no sign of any interval 
there; but a long interval, and possibly a warm one, may have 
occurred between the time of the Red Clay and that of the later 
ice-sheet which lodged the Upper Boulder-Clay and gravel. 

The blackish shelly clay at Ellon must, I suspect, have come 
down the Ythan Valley from the Moray-Firth direction, and may be 
of the same age as the dark clay at Maud, to be afterwards mentioned 
(p. 29), which contains Oolitic fragments and pieces of serpulite- 
grit from the North-Western Highlands. ‘These latter probably 
came down the valley of Loch Shin in the great ice-stream which 
seems to have descended along that route into the Moray Firth, 
and pressed on over the southern border of that basin. Their occur- 
rence in the northern part of Aberdeenshire is a very curious and 
interesting fact, which we owe to the observation of Mr. John Milne, 
formerly tenant of the farm of Atherb. 


s 
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VI. Tur Coatx-F urs of ABERDEENSHIRE. 


In regard to the beds of Chalk-flints which occur in Aberdeenshire, 
when I first saw them, more than forty years ago, I fancied that 
they might have been derived from a bed of Chalk that had formerly 
existed in the district. They are highly waterworn, and always 
accompanied by a quantity of quartz-pebbles which are likewise 
intensely waterworn. These I supposed might have been derived 
from the quartz-rocks that occur in the district. The flints and 
quartz-pebbles, however, extend for many miles along the top of a 
ridge of granite; and there Iremarked that the granitic débris had 
noue of this water-rolled character. The staurolite- and mica-schists 
(which form another part of the range of heights on which the 
flints lie) also show a similar absence of water-rolling. This 
feature, in short, is confined to the flints and the quartz-pebbles 
associated with them. It would, therefore, seem that both have 
been transported from a distance in company, and that the water- 
worn features had been impressed upon them before they were 
brought to the district where they now lie. 

They do not occur on any part of the large spreading hill of 
Mormond in the northern extremity of Aberdeenshire, so far as 
my observation goes; but are mostly confined to a narrow helt of 
country running in a general east-and-west direction to the coast 
at Buchan Ness, a little to the south of the town of Peterhead. 
More than one phase of the Glacial Period has occurred since the 
flints were brought to Aberdeenshire, for this took place before 
the epoch of the Red Clay. They have accordingly been swept 
away, and re-arranged in many places by later developments of the 
ice and other denuding agents. 


VII. Expranarton or top Assence or Suett-Beps 
IN THE Rep Cray. 


The general absence of marine fossils in the Red Clay of 


Aberdeenshire may, perhaps, be accounted for in the following way. 
During the preceding stage of the Glacial Period, when the subjacent 
Boulder-Clay was laid down, the Scandinavian ice (as James Croll 
first pointed out) appears to have occupied the shallow bed of the 
North Sea and coalesced with the Scottish ice, so that the sea-water 
was excluded from all the East Coast of Scotland, and nothing but 
ice prevailed, Now, when the thaw began to set in, the thinner ice 
which lay over the eastern and northern parts of Aberdeenshire 
would no doubt melt first, and the water which took its place 
would be fresh or brackish, so long as free communication with the 
ocean was shut off by the Scandinavian Glacier. No migration 
of marine life into it would therefore be possible, until the latter 
glacier began to recede. It might have been a considerable time 
before that took place; consequently, the Red Clay would be deposited 
in a sheet of water hemmed in by the ice, and it would only be ata 
later stage that any marine forms of life would be able to gain 


admittance, This later stage is probably represented by the clay-. 
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beds at Montrose, Errol, Elie, etc., where we find remains of Arctic 
mollusca and asteroidea, apparently in the place where the animals 
lived and died. The clay-beds at Aberdeen, as I haye shown, afford 
good evidence that the glacier of the Dee Valley retreated, before 
the ice which came along the coast from the south gave way. Thus 
we actually have some facts in support of the explanation which 
I have suggested, while the absence of ordinary marine conditions 
presented by these beds seems to render some such explanation 
necessary. 


VIII. Tur tasr Icn-Suerr, 


Subsequent to the Red-Clay epoch, the inland ice again made a 
great advance, and apparently for the last time. The most satis- 
factory evidence of this in the Aberdeenshire district, is to be found 
at the seaward end of the Dee Valley and the coast immediately to 
the north of it. In this area there is clear proof, to one who is 
intimately acquainted with the ground, that the Dee Glacier came 
down to the coast with a breadth of at least 5 or 6 miles. In 
doing so, it destroyed the Red Clay along the greater part of that 
width, leaving some patches at the side of its track, but clearing it 
out completely along the central portion of its route. 

The River Dee, at the lower end of its course, is bordered on the 
south by a continuous ridge of higher ground than it is on the north. 
The effect of this was to shunt the end of the glacier off to the 
north-east, so that, although the river now terminates at the city of 
Aberdeen, the central current of the ice-stream was diverted a mile 
or two farther north, crossing the present mouth of the River Don. 
This is well shown by the clear marks of the ice on the surface of 
the granite at the quarries of Cairncry and Persley, and also by the 
fact that the Red Clay has been wiped out most completely in that 
direction. Some patches have been left beside the present mouth 
of the Dee, as at Torry, Ruthrieston, and the Duthie Park. 

The large mounds of coarse gravel and stones, on which much of 
the city of Aberdeen is built, are moraines of this stream of ice 
which came down the valley of the Dee. The Broadhill, the Castle- 
Hill (on which the barracks are built), Ferryhill, and many other 
eminences now covered with houses, are of this nature. In some 
of these mounds, masses of the Red Clay are to be found which have 
been dislodged by the ice and mixed with the moraine-gravel, 
as, for example, on the west side of the Broadhill. Some large 
ice-worn boulders occur in these mounds, generally near the top. 
One of these may be scen in the quadrangle of Marischal College, 
where it was placed a good many years ago, I believe by Prof. 
Nicol; but most of these big stones haye been used up for building- 
purposes long ago. 

The country around Aberdeen, before its reclamation, was so very 
rugged and encumbered with stones, that it is difficult now to 
realize its former appearance. Dr. James Anderson, who wrote a 
good sketch of the district in 1794 for the then Board of Agriculture, 
tells us that it was of the most barren nature that could anywhere 
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be seen; but that, about 50 years before the date of his report, a 
commencement had been made towards improving it. The expense 
of trenching and clearing the ground of stones and afterwards 
manuring it, often amounted to £50 or £60 an acre before a crop 
could be put in. Some fields, indeed, he says, cost £100 an acre, 
Yet, strange to say, the operation proved a profitable one. The 
demand for granite-stones to London about that time was so great 
as to help materially to make the enterprise pay. 

On the lands of Nigg and Loirston, on the south side of the Dee, 
where the right flank of the glacier rested, the big stones cleared 
off the ground are so numerous that they haye to be piled into what 
are locally termed consumption-dykes. These consist of two 
parallel stone-walls, 4 to 6 feet high, with a space of 10 to 12 feet 
between them, into which the stones are piled. These stones are of 
all sizes, up to 3 or 4 feet in length, and some larger. As an instance 
T may give the following : from 12 acres of land on the farm of North 
Loirston, the quantity of stones taken off formed a consumption-dyke 
(as I was told by the late Prof. Dickie) 300 yards long, 30 to 35 feet 
broad, and 6 feet high; in addition to which smaller stones were 
got to fill the furrow-drains, which were made 24 feet apart. 

This last glacier of the Dee Valley must have protruded beyond 
the present coast-line. Its northern flank lay in the parish of 
Belhelvie, about 5 or 6 miles north of Aberdeen, where there is a 
great accumulation of gravel-mounds running inland, from a place on 
the coast called the Black Dog, to Parkhill in the parish of New 
Machar. These gravel-mounds rest upon the wasted top of the Red 
Clay at Milden and the Black Dog. At the latter place the clay is 
now dug for the manufacture of bricks and drainpipes. The right 
flank of the glacier lay on the hills of Nigg, which form the southern 
border of the Dee. In the intermediate space between Aberdeen 
and the Black Dog, the Red Clay has been swept clean away, causing 
a gap in it 4 or 5 miles wide. 

Kven in the little valley of the Ythan, there is evidence of Glacial 
action subsequent to the Red-Clay epoch. This valley is about 
half way between Aberdeen and Peterhead, and takes its rise among 
hills only a few hundred feet in height; consequently, it is difficult 
to believe that it could have originated anything like a true 
glacier, Perhaps the facts can be explained by the melting of deep 
masses of snow and ice, or it may be that a lobe or offshoot of the 
Moray-Firth ice came down this way. Anyhow, the Red Clay 
has been much wasted, and covered in places by masses of coarse 
gravel, and sometimes by a profusion of large stones 2 to 4 feet in 
length. At Michael Moor, a few miles to the west of Ellon, there 
is a sheet of this gravel in which the stones are so large and 
plentiful, that the agriculturist in clearing the ground has been | 
obliged to form them into broad consumption-dykes, and farther 
up the river something like miniature lateral moraines occur. At 
Ellon, in some places big stones 3 to 4 feet long are found in 


great number, just at the bottom of the gravel and lodged on the top 
of the fine Red Clay. 
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In other parts of the country, the result of the last ice-sheet 
has generally been to form at the surface a thin covering of 
coarse mud, charged more or less with stones. In the lower 
coast-district this lies on the top of the Red Clay, and derives its 
colour partly from it ; but, along the course of the rivers and minor 
streams, there is always more or less washed gravel, formed by the 
currents generated by the final melting of the snow and ice. 


IX. Tue Crac-Suptts snp Cratx-Détpeis or tHe Rep Cray— 
THEIR DERIVATION. 


The Crag-shells, and the débris of Secondary limestone accom- 
panying them, which are found in some of the gravel-beds and clay 
of the Aberdeenshire coast, have evidently been brought thither by 
the ice-stream which produced the Red Clay, and may therefore have 
been transported from a very great distance. It has to be kept in 
view that pieces of chalk, sometimes iceworn and scratched, likewise 
occur in this Red Clay. They are met with at Montrose, Belhelvie, 
and also, though rarely, near Peterhead. Small pieces of coal 
have also been got in the same clay. The Cretaceous fragments 
have probably been brought to the east coast of Scotland by the 
Scandinavian ice, which passed over strata of Chalk in part of its 
route; and possibly the débris of the Crag may also have been 
brought by the same agency. 

The bits of chalk are not uncommon in the Belhelvie clay and also 
at Montrose. It is not likely that they could have come from 
England, as the movement of ice to the south of the Firth of Forth 
was such as would have carried them in the opposite direction. 
Their occurrence at Montrose and Belhelvie tends to prove that 
this clay in Forfar and Aberdeen is all one and the same deposit. 


Tue SoutHerRn Borper oF THE Moray Frrru. 


In this district, the valleys have a general trend from south-west 
to north-east, as will be seen from a glance at any good map. 
The Ness, the Nairn, the Findhorn, the Spey, the Deveron, are the 
principal rivers, and they all flow in this direction. It might 
therefore be supposed that, during the Glacial Period, the ice would 
move down to the coast along these lines; but there is ample 
evidence to show that in some part of that period a great transport 
of boulders and mineral matter took place along the coast from west 
to east, right across the lower ends of these river-valleys, while 
marks left by the ice upon the rocky framework of the country, 
together with the drift of transported stones, prove that in some 
places the movement was from north-west to south-east. 


X. Marks oF GLACIATION on THE Rocks. 


The finest display of this sort that I have seen in the district, 
is on the top of a low hill called the Carden Moor, not far from 
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Alves railway-station, about 6 miles west of Elgin. The late 
Dr. Gordon (of Birnie) took me to see it many years ago. The ridge 
lies east and west, and rises to a height of 250 or 300 feet above 
the level of the sea. The rock along the top is bare, and composed 
of a hard, fine-grained, grey sandstone of Devonian age, which has 
been strongly rubbed by the ice. he scratches and furrows 
point about 10° or 15° north of west, so that the line of movement 
crossed the ridge obliquely. Although the surface is unprotected 
by any covering of earth or clay, the markings are in many places 
as fresh and clear as if they had been made but a few years ago. 

That the movement came from the west-north-west is shown by 
the transport of numerous fragments of the stone for many miles 
to the south-east. 

On the sandstone of Quarrywood Hill, near the manse of New 
Spynie, Dr. Gordon showed me other instances pointing west 
15° north, and on a hill near Burghead, west 30° to 35° north. 
The surface of the Cornstone beneath the Boulder-Clay at Links- 
field Quarry, near Elgin, is also strongly glaciated, and even 
polished by the ice, the scores and scratches running from north- 
west to south-east. In one place, I found the direction almost due 
north and south. 

Aiong the coast from Speymouth eastward to Fraserburgh, I have 
not met with any good display of glaciation on the rocks, but merely 
a few traces here and there, near Melrose Head, Crovie, Troup, 
and Aberdour. On the cliff at Troup Head I found some markings 
running east and west. At Kinnaird Head beside the town of 
lraserburgh, the indications are more decided, showing a movement 
of ice coming from the north-west. The same direction is maintained 
round the corner of the coast to the fishing-village of St. Colms. 


XI. Transrorr or Boutpers—Jvrassic Dipris AND 
CuaLk-FLints. 


The eastward movement of boulders along the southern shore of 
the Moray Firth has long been known to observers in that quarter. 

At Linksfield! a huge mass of Oolitic beds, 40 feet thick and 
several hundred yards in length, has been transported bodily, and 
lodged on the top of the iceworn surface of a Devonian limestone, 
locally known as Cornstone, there being a layer of red Boulder- 
Clay 1 to 4 feet thick between the two. Other large transported 
masses of a similar nature have been found in the Elgin district 
at Lhanbryde, Spynie, and elsewhere. 

At Plaidy, on the Turriff railway-lne in Aberdeenshire, a great 
mass of greenish-blue Oolitic clay, brought probably by ice from the 
shores of the Moray Firth, has been stranded on the top of the slate- 
rocks of the district. It is so big that a tile-work has been established 
in it, and worked for many years. It was first discovered in making 


* See the late Major L. Bricken 


= deu’s count of it rt. Journ. . 
Soo. vol. vii (1851) p 289. ews account of it, Quart. Journ. Geol 
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the railway in 1858. At that time I sent a notice of it to the 
Geological Society," in which I termed it an outlier of Lias, 
but it is neither more nor less than a huge transported mass of clay, 
and is enveloped in Glacial Drift of a different colour. Judging 
from the character of the ammonites and other fossils which it 
contains plentifully, it bas probably been derived from some bed 
belonging to the horizon of the Oxford Clay. It is much wasted on 
the outside, and partly mixed with the Glacial Drift surrounding 
it, but its full extent in some directions is hardly yet known. 

Fossiliferous fragments from the Lias, the Oolite, and other 
Secondary rocks are found here and there over the country eastward, 
from Elgin and Speymouth across Banffshire, on to the coast of 
Aberdeen, beside Peterhead. Near Maud railway-station, in the 
north of Aberdeenshire, there is a small farm called Atherb. 
Mr. John Milne, the former tenant of that farm, is a man with the 
eye of a hawk for all manner of curious stones. He made a wonderful 
collection from the fields around it. Many of the pieces found by 
him are of a fine-grained grey sandstone containing Oolitic fossils ; 
but what is still more interesting, he got several fragments of the 
Pipe-Rock, one of the characteristic Cambrian beds of the North- 
Western Highlands. I have myself found a small piece of shale, 
containing the impression of an ammonite and other fossils, em- 
bedded in the Boulder-Clay of a railway-cutting a mile or two south 
of Ellon, which is the farthest point in a south-easterly direction 
where such have been obtained. 

Fragments of the Gamrie sandstone and conglomerate have been 
carried eastward along the coast towards Fraserburgh, and may be 
seen at various places along that line, and at the northern base of 
Mormond Hill. 

The fossiliferous Greensand débris, which occurs at Moreseat in 
Aberdeenshire, proves to be also transported, probably from the 
north-west, and is embedded in Glacial Drift.2. The Chalk-flints 
found so plentifully in that quarter have also, I suspect, been 
brought from the Moray Firth by the same glacial agency. 

These flints, as I have said, are found chiefly along a belt of 
country running across the north of Aberdeenshire in an east-and- 
west direction, terminating at the coast near Peterhead, and may 
have been shed off along the southern border of one of the streams 
of ice which brought so great a quantity of other débris from the 
Moray Basin. They are generally most plentiful at the surface, 
except where covered by peat. Frequently they are mixed up with 
some gritty earth*or glacial mud, or have some of it beneath them ; 
but, at the western extremity of the district where they occur, they 
are covered in some places by Boulder-Clay of a later date, containing 
ice-scratched stones. This I observed near Delgaty many years ago, 
in 1858: it shows that there has been a recurrence of glaciation 
after the fiints were laid down. 


1 Quart. Journ. Geol. Soc. vol. xv (1859) p. 151. 
2 See the Report of the Committee on Cretaceous Fossils in Aberdeenshire, 
Rep. Brit. Assoc. 1897 (Toronto) pp. 338 et seqq. 
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No chalk ever occurs with these flints, but there is occasionally 
some whitish earthy matter of a non-calcareous nature, consisting of 
silicate of alumina, derived no doubt from the weathering and waste 
of the flint-pebbles. This has sometimes been mistaken for chalk. 

The north-eastern extremity of Aberdeenshire consists of low 
undulating ground, in the midst of which rises a large lumpy hill 
called Mormond, 769 feet high, composed of quartz-rock and 
staurolite-schist. At the western base of this hill is a low tract 
of coarse-grained grey granite. Blocks of this granite are scattered 
over the hill and far up it, to a height much exceeding that of the 
rock in place, while some of the smaller granitic débris is to be 
found on to the very top. There [also found stones of hard white 
quartz showing marks of strong glaciation, one of them being 
ground down to a smooth edge and streaked with fine scratches, 
showing that the abrasion had been most intense; but I found no 
flints on the hill. 


XIU. Exrenr ann Depra oF tun Icn.! 


All this seems to indicate pretty clearly that the ice had gone 
over the top of Mormond. From this hill westward to Inverness, 
at the head of the Moray Firth, is a distance of 80 miles in a 
straight line. If the glacier extended all the way, and was high 
enough to pass over the top of Mormond, as it seems to have done, 
it would be at least 800 feet thick along the coast opposite that 
point, and probably more. Then, if we allow an average slope of 
only half a degree, or 46 feet per mile, along the surface of the ice 
to Inverness, this would amount to 3680 feet on the 80 miles, 
to which add 800 feet for the height at Mormond, making 4480 feet 
for the altitude at the head of the Moray Firth. But the average 
surface-slope of the Greenland ice, where Nansen crossed it, is a 
good deal more than this, so that, in all probability, the height at 
Inverness was greater than I have stated. 


XIII. Sotrnpry Borper oF tax rast Icn-Suepr WHERE 
IT CROSSED THE Spry. 


There is some interesting evidence to show at what point the 
southern edge of this great ice-stream crossed the Spey at the last 
time of its extension thither. Along that river, above Fochabers, 
the sandstone-rocks are-of a deep red, and the Boulder-Clay derived 
from them is of the same hue. This red clay has been carried 


} The ice-sheet which filled the basin of the Moray Firth was at one time so 
extensive that its right flank flowed round the northern parts of Banff and 


Aberdeenshire, while its left turned round over Caithness, originating the shelly 
Boulder-Clay of that quarter. 

[Since this paper was written I have seen an article by Dr. W. Mackie, 
of Elgin, in Trans, Edin. Geol. Soc. vol. viii (1901) p. 91, on the distribution of 
erratics over Hastern Moray. It contains many interesting observations on 
the subject. At Ben Rinnes and some other places on the east side of the 
Spey to the south of Rothes, boulders are found which Dr. Mackie believes to 
have come across the valley from the west during some part of the Glacial 
Period, probably by the agency of land-ice—T. F J., Nov. 25th, 1905.] 


Vol. 62. ] GLACIAL PERIOD IN ABERDEENSHIRE, BTC. 31 


eastward up the hollow traversed by the railway between Mulben 
and Keith. The rocks along this hollow are not of sandstone, but 
consist of quartz-rock and clay-slate, which give rise to Boulder- 
Clay of a grey colour, quite distinct from the red. These rocks 
are covered therefore by grey Drift, above which the red is some- 
times visible. I traced this red clay as far on at least as Keith, so 
that the Moray ice must have moved eastward up this hollow. 

At Rothes, a little farther south, and about 12 miles from the 
coast, we get to the outer edge of the red clay, which has been driven 
past the boundary of the sandstone. Here a hill called Ben Aigan, 
composed of quartz-rock and schist, 1500 feet high, flanks the Spey 
on the east, Lying against the northern base of this hill, there is 
a high bank bordering the stream and rising about 180 feet above 
it. This bank affords, or did afford many years ago, a most. 
instructive section. The top consists of well-washed sand and 
gravel of a greyish colour, much of the sand being so fine as 
to be blown about by the wind. Beneath that is a great depth 
of fine stratified silt and sand, of a general greyish colour, in the 
midst of which, but well down, a mass of red Boulder-Clay makes 
its appearance, stretching horizontally through the silt from the 
north, and thinning out to the south im tongues and ribbons, 
which are more or less interstratified with the grey silt. North- 
ward, that is to say down the river-side, the red pebbly mud 
grows rapidly thicker, and occupies the whole depth of the bank, 
which lowers abruptly owing to the termination of the grey silt in 
that direction. 

We seem, therefore, to have here the very spot up to which 
the southern margin of the Moray ice had extended. It had 
apparently dammed the water and formed a deep pool or lake, in 
which the sand and mud coming down the flank of Ben Aigan 
and the Spey was quictly deposited. Here, as in the Valley of the 
Dee, the local glacier of the Spey appears to have shrunk back long 
before the thick ice coming from the West Highlands gave way. 
This harmonizes well with the evidence derived from the Parallel 
Roads of Glen Roy, which showed that the water of the glacier-lakes 
of Lochaber found an open way out by the Spey Valley when all the 
country to the west was still heavily clad with ice. 

Terraces of gravel occur on both sides of the Spey at Rothes, at 
corresponding heights, the top of them being fully 400 feet above the 
sea. They also run up the Mulben hollow, where there are deep 
banks of Drift, in some of which I could distinguish a middle zone of 
red, with grey material both above and below, When the Moray 
ice-stream gradually shrank, it must have dammed the river at lower 
and lower levels. Accordingly we find remnants of gravel-terraces 
here and there, at decreasing heights as we proceed down the stream, 
at Cairnty and elsewhere. When I first examined these terraces 
47 years ago, I thought that they had been caused by the sea,’ but no 
marine fossils have ever been found in any of them. These terraces 


1 See Quart. Journ. Geol. Soc. vol. xiv (1858) p. 527. 
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probably date from near the close of the Glacial Period. At all 
events, they must be of later age (I should think) than the mollusca, 
the remains of which are got in the silt at Clava, to be mentioned 
in the sequel (pp. 33-34). 


XLV. Pertop or SuBMERGENCE—SHELL-BeEDs. 


We find that during a certain stage of the Glacial Period there 
was a marked retreat of the ice, and that water occupied the 
coastal district eastward from Inverness. In my paper on the Red 
Clay of Aberdeenshire, I adduced evidence to show that, from 
the mode of its deposition and the altitude to which it extends, 
the submergence in the district where that clay occurs must have 
exceeded 300 feet. As much of the country stretching round the 
corner of Aberdeenshire to the Moray Firth lies below this level, 
a submergence of that amount would extend into both districts. 

The question now arises, What was the nature of that sub- 
mergence? Was it caused by a depression of the coast below the 
sea, or was the district covered merely by a sheet of fresh water 
enlceed between the ice and the land? In the Red Clay itself, 
although we occasionally find a few scanty remains of sea-shells, 
these on the whole are rare, and generally more or less broken. 
No bed of them has been found in place. At Annochie, however, 
on the coast a little to the south of Rattray Head, where a tile- 
work formerly existed, there is a bed of fine dark-blue silt, passing 
underneath the beach and extending some distance inland, in which 
I found Arctic shells having all the appearance of being em- 
bedded in their native mud, Although the position is close to the 
present level of the sea, the assemblage of species is decidedly a 
deep-water one, and indicates a very considerable amount of 
submergence. ‘The prevailing forms were Nucula tenuis and Leda 
pygmea, both occurring in a perfect state, with the olive-coloured 
epidermis quite unruffied. There were also specimens of the large 
Arctic form of Saxicava arctica, a Cylichna which appears to be the 
C. alba of Brown, likewise the little Bulla turrita of Moller (other- 
wise known as Utriculus pertenuis of Gould, var. turritus), and one 
or two small shells belonging to the genus Aainus (otherwise termed 
Lucina or Cryptodon). One of these seemed to be A. ferruginosus. 
Another was thought by the late Dr. Torell to be the Awinus 
Sarsit of Philippi. All these species are Arctic, and go down into 
very deep water, as will be seen from the following table giving the 


range of depth according to G. O. Sars, in his ‘ Mollusca Regionis 
Arctic Norvegie’ Christiania, 1878 :— 


Fathoms. 
INGCTUR AGIOS. roconrtinnteananecu 20 to 300 
Leda pyg mad... 41.42. 20" 55) 650 
Saxicaua Qrcticd .....0.0.0.0.. OP os, SOW 
CUUChNG ICG) ee LO S00) 
Buua arritd..)).. 6 ee OG) 
Axinus ferruginosus.... ....... 40 3800 


ss oJ ” 
Aeimus SQUSID sic.cueess. ss... 60° 4, 3300 
Also a large specimen of Cornuspira foliacea and other foraminifera. 
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There was a complete absence, not only of littoral species, but 
even of those characteristic of shallow water, and likewise of 
broken shells. Owing to the decay of the shelly matter it was 
difficult to extract specimens satisfactorily. 

At King Edward, about 6 miles south-south-east of Banff, a 
considerable number of Arctic shells (some 30 species or more) have 
been found in the banks of a small stream which is a tributary 
of the Deveron. These have been collected by Dr. Milne of that 
locality, Dr. John Horne, F.R.S., and myself. Most of them occur 
in confused beds of sand, gravel, and pebbly clay. The most 
abundant are Tellina balthica, Bela turricula, Natica grenlandica, 
and NV, islandica. Many of the univalves are entire, but the others 
occur only as single valves or broken fragments. A similar group 
of shells occurs in a bed of fine sand, on the Banffshire coast at 
Gamrie, and at a similar height above the sea. Lists will be found 
at the end of my paper on the ‘ Last Geological Changes in Scot- 
land.’? In one spot, however, of the King Edward banks, I found 
Arctic shells embedded in a fine bluish silt, apparently where the 
organisms had lived and died. The prevailing species was the Vellina 
proxima of Brown (7. calcarea of Chemnitz). The specimens were 
of large size, with the two valves in conjunction and shut, part of the 
dark-brown epidermis still remaining on them. The valves were, 
however, more or less cracked, the upper one sometimes quite 
squashed, as if caused by pressure from above; but the fragments 
were not shifted out of their place. Streaks, too, of carbonaceous 
matter were observed near the shells, as if derived from the decayed 
seaweed. Leda pernula and a Natica likewise occurred, both still 
retaining the epidermis, but they were much rarer than the Zellina. 
The silt also yielded foraminifera and ostracoda. This bed of bluish 
silt is about 160 feet above the present sea-level, and 5 miles south 
of the coast of the Moray Firth. 

It must be borne in mind that, subsequent to this period of 
submergence, there was a recurrence of very intense Glacial con- 
ditions, as I endeavoured to show in my paper on the last stage of 
the Glacial Period in Scotland.’ This return of the great ice- 
sheets broke up and destroyed the shell-beds, burying some of them 
under heavy masses of Boulder-Clay, as we see at Clava, in Cantyre, 
in the south of Arran, and in the later discoveries by Mr. Smith 
in Ayrshire, as well as in this case at King Edward. At Clava, 
6 miles east of Inverness, the shell-bed is at an altitude of no less 
than 500 feet. There the group of species indicates shallow water, 
the commonest kind being the Littorina litorea. The locality was 
carefully investigated by a committee of the British Association 
in 1892, with the result that Mr. Fraser, the original discoverer, 
Dr. John Horne, the late Dr. David Robertson, and myself, all 
inclined to the belief that the shells were really in place, and 
indicated a submergence exceeding 500 feet. 


1 Quart. Journ. Geol. Soc. vol, xxi (1865) pp, 197 e segg. 
2 Ibid. vol. xxx (1874) p. 317. 


Q.J3.G/8. No. 245. D 


34 MR. T. F, JAMIESON ON THE [Feb. 1906, 


This Clava bed is covered by a great thick sheet of Boulder-Clay, 
showing that intense Glacial conditions must have supervened after 
the shells were laid down; but the occurrence of marine mollusca 
there shows that at the time when they lived, the mass of ice which 
formerly filled the basin of the Moray Firth must have melted away 
as far at least as Inverness, at the head of the Firth. This is 
further proved by a remnant of shelly silt which I observed at 
Ardersier, near Fort George, 10 miles north-east of Inverness. The 
prevailing shell in it was Astarte sulcata, but I found also Leda 
pernula, and a specimen of Tellina which seemed to be LT. proaima 
of Brown. The shells had been entire and showed the epidermis, 
but were much crushed and decayed, so that it was scarcely possible 
to get them out in a state suitable for examination. The silt con- 
taining them was very hard, as if it had been heavily pressed, and 
was unconformably enveloped by a mass of unfossiliferous Drift of 
quite a different colour and character. 


XV. Tue Darx-Buve Cray or ror BanrrsHire Coast 
anp Norruern ABERDEENSHIRE. 


The clay-beds found along the northern coast of Aberdeen and 
Banff are generally of a dark bluish tint, often nearly black when 
wet. This colour of clay extends from Fraserburgh sporadically 
all the way west to Cullen, near where is a bed of it at Tochineal, 
which has been worked for tiles for many years. A little to the 
east of Portsoy, I noticed remains of Arctic shells scantily dispersed 
in this dark clay along the high banks facing the sea, ‘These shells 
were in a more or less broken state. The only species that I could 
make out were Vellina prowima, T’. solidula, Astarte borealis, and 
Leda pernula. The mass of clay resting upon the rock was about 
30 feet thick, mostly all of a dark indigo tint, without appearance 
of stratification. Near the top it was browner in colour, with more 
stones and even some big boulders, but no shells. 

This dark indigo-coloured clay often contains Jurassic fossils, 
which may have been derived from strata existing somewhere in 
the basin of the Moray Firth ; and at Moreseat, in Aberdeenshire, 
débris of the Greensand occurs in a dark friable clay, possibly of 
the same age. ‘This dark clay, however, does not seem to be the 
product of the last ice-sheet, for it is covered at Moreseat and 
elsewhere by a later Drift of a brownish or reddish tint. 

On the estate of Cairnfield, to the south of Buckie, Mr. T, D. 
Wallace (of Inverness) noticed that the dark bluish-black clay was. 
covered by red Boulder-Clay; and Mr. Martin (of Elgin) mentions 
that, on the eastern slope of Coulert Hill, near Lossiemouth, red 
Boulder-Clay wraps round a bed of fine blue clay containing 
belemnites and other Oolitic fossils. Mr. John Milne at Atherb. 
also remarked that the ice-sheet which brought the blue fossiliferous 
clay must have come first, as it is always lowest, the red or yellow 
clay when present lying above it: such, indeed, is the case near 
Brucklay Castle. 
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At Turriff, 10 miles south-east of Banff, there is a mass of 
dark blackish-blue clay on the south-eastern brow of an eminence 
about 330 feet high, known as the Market-Hill. It has been 
dug for the manufacture of bricks and drainpipes, is a pure solid 
clay devoid of stones, and shows no distinct stratification or 
lamination. At the time of my visit, I found it to be 13 feet thick 
at the deepest place, and was told by the manager of the works 
that it passes down into a dark bluish silt or sandier clay. It 
has an irregular surface, as if it had suffered denudation, and 
was covered by a few feet of gravelly earth of a lighter brownish 
colour. It is not seen on the western slope of the hill. No shells 
or fossils had been found in it. There is a tract of low ground 
running from the eastern coast of Aberdeenshire up the Ythan 
Valley to Turriff, and then down the Deveron Valley to the coast 
at Banff. The summit-level of this hollow between the Ythan and 
the Deveron, where it is very narrow, is only about 180 feet above 
the sea, or perhaps a trifle less, wherefore a submergence of 200 feet 
would connect the basin of the Moray Firth with the sea on the 
eastern coast of Aberdeenshire by a channel of water crossing the 
country in a curving line from south-east to north-west. The Moray- 
Firth ice, when at its maximum, probably sent a lobe down this 
way, but during the period of submergence it would be occupied by 
water. 

The shells at Gamrie, on the Banffshire coast, occur in a deep 
mass of fine sand containing seams of fine dark clay, forming a 
large mound rising to a height of nearly 300 feet above the sea, 
and resting upon a cliff of sandstone-rock about 80 feet high facing 
the bay. In the course of two visits I collected nearly thirty species 
of shells. They seemed to be confined pretty much to one seam in 
the sand, but as there is a want of sections in the upper part of the 
deposit, they may very likely occur there also, The group, as a 
whole, closely resembles that found at King Edward. The com- 
monest were Astarte borealis, Cyprina islandica, Tellina proxima, - 
Tellina balthica, Cardium grenlandicum, Bela turricula, and Natica 
grenlandica. The shells are very tender and much decayed, conse- 
quently they are apt to go to pieces, especially the larger bivalves; but 
many of the smaller valves and the univalves are entire. In some 
places there is a good deal of shelly débris in the sand. The specimens 
of Tellina proxima are numerous, some few of them with the valves 
connected by the ligament and shut. These were filled with sand. 
Size generally large; many of the valves measured 17 to 13 inches 
in length. The Astarte was of all sizes down to very young spe- 
cimens, and in detached valves, the larger ones in fragments. The 
Cyprina was of various sizes, always in fragments. Bela and Natica 
were often entire. All the shells had lost their epidermis. Frag- 
ments of Balanus also occurred, some foraminifera, and the otolith 


of a fish. 
The nature of the section I found to be as follows, commencing 


at the bottom :— 
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"eet. 
1, Red sandstone-rock, rising up from the beach to a 
height of about .........cecvecensereeeeseeceeeereecsescnstsaesens 80 
2. Fragments of clay-slate and grit, partly waterworn, and 
mixed with small earthy débris of the same .........++-++ 4 
3. Compact, very firm, fine blackish clay, containing a few 
small stones, some of which are glacially striated; 
also a few crumbs of shells too small for identification. 
There are likewise subordinate seams of brownish 
sand in this Clay .-,..:se-secsecsececncenstesecceceecsentenes a 8 
. A thin seam of waterworn pebbles of clay-slate and grit., 03 
. A thick bed of fine brownish saud ...........cseeset ees about 15 
. A bed of blackish fine clay, similar to No. 3... ceseeeee ees 5 


. A bed of fine brownish sand, in some places full of shelly 
Fi Ul nate ae secrdpcgnonarhopojoSb5oBedeconeanocosbicaondos: octadocbencSatc 
. A bed of fine blackish clay, thinning out into sand, 


oe) SIS OU 


Above this there were no good sections, but merely small openings 
in places, mostly showing fine sand. No Boulder-Clay appeared. 
The seams of clay vary much in thickness when followed laterally. 
As a whole, the mass of this mound has the appearance of being 
deposited in water, and may have been a portion of the sea-bed 
during the period of submergence. Many of the shells have been 
pierced by boring mollusks, as at King Edward. 


The King-Edward locality, however, seems to me one of more 
especial interest, inasmuch as it appears to afford good evidence of the 
demolition of marine strata by the subsequent action of glacier-ice ; 
for I found there the fine dark silt containing complete specimens 
of Tellinu proxima, passing up into a sandier seam containing a 
greater abundance and variety of shells, among which Tellina 
balthica was one of the most plentiful. Above this lay a heavy 
mass of unstratified pebbly clay with ice-scratched stones, and in 
the lower part shell-fragments, This Boulder-Clay of King Edward 
is of a dark-grey colour, varies in depth from 9 or 10 to 30 feet 
or more, and along the valley is covered by a mass of waterworn 
gravel 10 to 20 feet thick. In one place I found the Boulder-Clay 
passing down at the bottom into a bed of fine silt, with the strati- 
fication much deranged, and containing seams of gravel, broken 
shells, and shelly mud. The ice-scratches on the stones as they 
lay in this Boulder-Clay seemed as a rule to point west 5° to 40° 
north, which may afford some indication of the line along which the 
ice moved. Here, therefore, we seem to have caught the ice in 
the very act of smashing up the marine strata, and converting them 
into a shelly Boulder-Clay like that of Caithness. 


Ata place called Blackpots, on the coast 2 miles west of Banff, 
I examined an interesting exposure of the clay at the tile-work 
there. The top of the section rises to about 80 or 90 feet above 
sea-level, and the depth of material lying on the rock amounts to 
60 or 70 feet. The greater part of the bank at the time of my Visit 
was seen to consist of a fine, very dark, blackish-blue clay of a soft 
silty nature, which graduated laterally in the space of 20 yards 
into fine sand at one side of the section. This sand contains some 
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thin seams of gravel and small pebbles, in which I observed many 
small crumbs of shell. A few bits of shell occur also at times in 
the clay, and here and there a small pebble. The top of the section 
showed a bed of somewhat different nature, about 10 feet deep, 
consisting of a coarser earthy and pebbly brownish clay. I saw 
a good many stones of various kinds and sizes lying in the pit, 
which the workmen told me came out of this coarse clay at the 
top. There were three big boulders of greenstone or syenite, one 
of them 5 fect in length, ice-worn and scratched; several small 
pieces of grit or quartz-rock; and several of Jurassic shale, some 
of them ice-worn and containing ammonites. Bits of belemnites 
were likewise to be seen, and pieces of red laminated sandstone, 
also granite of different kinds. The base of the fine clay and sand 
was not exposed, and probably some Boulder-Clay may lie between 
it and the rock. 

This black clay, as I have before mentioned, occurs here and 
there all along the coast-district from Fraserburgh westward to 
Banff, Portsoy, and Cullen; but, between Cullen and Inverness, 
the material covering the rocks is of a more varied nature, 
and generally lighter in hue. What has imparted this very dark 
tint to the Banffshire Clay is not very evident. Perhaps it may 
have been the waste of the slaty rocks and serpentine of that 
district, or of some Jurassic beds in the basin of the Moray Firth. 
This clay has evidently suffered much denudation since it was 
originally laid down, for in some of the little valleys that run 
inland from the coast I observed patches of it here and there along 
their sides, as in the Tore Glen near Troup Head; and in a gully 
at Northfield, in the same neighbourhood, I noticed wasted masses of 
it enveloped in a coarse Drift of browner hue. Ina railway-cutting 
at the south side of Fraserburgh, I also observed that this fine black 
clay was covered by a few feet of brown clay of a coarser nature, 
containing ice-worn stones. 

The dark clay may be traced right across the northern extremity 
of Aberdeenshire, where it ranges on to Peterhead, becoming 
gradually less black and more of a leaden-grey where it meets and 
mingles with the red. Along the top of the high cliffs from Banff 
eastward to Troup Head, there is little cover of any sort on the rocks, 
but at Melrose Head I obtained the following section, beginning at 
the surface :— 


Feet. 

1. Coarse pebbly clay of a brownish colowr.........seeceeseeseeees 3 
2. Ferruginous laminated clay, without stones ..............06+ x 
3. Fine black clay, like that of Blackpots, with few stones, but 

SOMe Of tMeMa 1Ce-MAT Kd | srcasdatscsenaeeedaesscwendvendeneeneels 1 
4. Brownish débris of an earthy character, with some ice- 

WIGIUALOMMOS teeta echiennmurmeesaris tar wa ausa mtocieneaee rms neeeeeeeeie ns 3 
5. Débris of slate-rock, often ice-marked............ssseeesesseeees 2 
6. Slaty rock, forming the cliff beneath. 


At Mill of Rathen, 4 miles south of Fraserburgh, a deep bed of bluish 
clay occurs, covered by a few feet of gravel. Fragments of Balanus 
and shells are found in this clay. The fine dark clay of the Banffshire 
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coast seems to have been formed under conditions very similar to 
those under which the Red Clay of Aberdeenshire was laid down. 
It also ranges up to a similar or even greater height, being found 
occasionally at fully 300 feet above the present sea-level. Like the 
Red Clay, it often passes into, or is interlaminated with, beds of 
fine sand. 


Seeing that this dark-blue clay mingles with the red in the 
district where they meet, near Peterhead, there is every reason to 
believe that both belong to the same stage of the Glacial Period. 
Both have evidently been deposited under water, at least the finer- 
grained stoneless varieties. Both have undergone much denudation, 
and are frequently covered by coarser material containing ice- 
scratched stones. The dark-blue clay is the repository of the 
Jurassic débris, which seems to have been derived from the waste of 
strata in the Moray-Firth basin; while the Red Clay of Aberdeen- 
shire is the repository of material from the Old Red Sandstone of 
Kincardine and Forfar, with its associated volcanic beds. It is in the 
RedClay that we also find the curious débris of Crag-shells and yellow 
Secondary limestone, the source of which is difficult to conjecture. 

The water under which these clay-beds were deposited must 
have extended all round the coast from Aberdeen by Peterhead, 
Fraserburgh, and Banff, to the Moray Firth, seeing that they can 
be traced along the whole of that distance to near Inverness. If 
their deposition followed close upon the decay of the preceding 
cover of land-ice, we may suppose that they would form first 
where the ice was thinnest, and where consequently it would 
melt away soonest. This would probably be at the angle of the 
coast near Fraserburgh, while latest of all would be the clay-beds 
near Inverness (such as that at Clava), and those to the south of 
Aberdeen where the Red Clay came from. 

The remains of the shell-beds at Clava and Ardersier show that, 
at the time of their deposition, the sea-water must have occupied 
the head of the Moray Firth; and when such was the case, deposits 
of marine silt must have been formed all along its shores. What 
has become of them all? No other instances are known along the 
head of the Firth, except the two that I have mentioned; and it 
was by a mere lucky accident that the Clava one was discovered, 
Mr. Fraser having heard from some farmers that shells had been 
noticed in a clay-pit there, which led him to make a search. The 
recurrence of intense Glacial conditions, which is proved by the 
heavy bed of Boulder-Clay covering the shelly silt at Clava, affords 
an explanation of the destruction that has overtaken these marine 
beds. Although no other instances of their occurrence aro known 
between Inverness and the mouth of the Spey, yet farther castward, 
between Cullen and Fraserburgh, remains of Arctic shells are not _ 
so extremely rare. Now, this harmonizes with the belief that it was 
the recurrence of Glacial conditions which caused the destruction 
for the ice would be heaviest and most destructive at the head of 
the Firth whence the flow proceeded. 


The preservation of the mass of stratified sand and silt at Gamrie, 
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in which the shells are found, was probably due to its sheltered 
position in the lee of the great rocky cliff of Gamrie Head. 

_ The amount of submergence at Clava must have been decidedly 
over 500 feet, which is greater than any of which we have evidence 
along the coast farther east. If the submergence was due to a 
depression of the land caused by the weight of ice laid upon it, 
then the depression should have been greatest where the ice was 
heaviest, namely, at the head of the Firth just where Clava is 
situated, and where, as I have mentioned, the depth of ice may have 
probably approximated to 5000 feet, or even more. 


Discussion. 


The Prestppnr remarked that it would be strange indeed if a 
cordial welcome had not been accorded to a paper by one who had 
been a Fellow of the Society for nearly half a century, whose papers 
on Glacial geology had been frequently published by this Society— 
papers which, although theoretical questions were by no means 
avoided in them, were specially characterized by the great number 
and importance of carefully-recorded facts. 

Prof. P. F. Kenpacr observed that the Author, whose name was 
one of the most revered in Glacial geology, had added a new division 
to the Glacial Series of the district with which he dealt, in the shape 
of the dark clay with the deep-water Arctic fauna. It was very 
similar to a transported mass of Drift which he had seen and 
described in the Isle of Man. Two problems still confronted the 
geologist in that district; one was the mode of deposition of the 
Glacial deposits, the other raised the question of the land-levels in 
that particular area during the Glacial Period. The distribution 
of the erratics, the striations, and the contents of the deposits 
seemed to group themselves in a remarkable manner. The direction 
of the striations was entirely corroborative of the lithological 
features: thus, the grey clay containing crystalline rocks derived 
from the interior of the country was striated from the south-west, 
while the other from the Old-Red-Sandstone area was striated from 
nearly due south. In the Inverness district, on the other hand, 
there appeared to be a low-level system of deposits associated with 
strie from a south-westerly or north-westerly direction, while the 
high grounds south of Clava bore striations running from due south. 
These two results seemed, at first sight, to be contradictory, and it 
would be most interesting to ascertain the mutual relations of the 
two parallel sets of striae. The time had now arrived when it became 
necessary for glacialists to group their facts with a freer hand, and 
to deal with larger stretches of Drift-country. Tho available 
evidence rather pointed to the influence of the Scandinavian ice- 
sheet, than to the wane of the Highland Glacier and the waxing of 
the Tay Glacier. As to the Clava shelly deposit, the speaker at 
one time concurred with the late Dugald Bell in declining to regard 
it as a marine deposit in situ. He subsequently abandoned that 
view, but it might be necessary, with this new evidence, to return 
to his former opinion. 
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I. Iyrropvcrron. 


T's Tertiary igneous rocks of the Inner Hebrides have from time 
to time engaged the attention of many eminent geologists; and the 
results of their labours, interpreted by their skill and insight, have 
become part of the common stock of British geology. In certain cases 
the investigation has been conducted on an extended scale. This is 
true more especially of the work of Macculloch in the earlier days, 
and of Sir Archibald Geikie and Prof. Judd among those who are 
still with us. Nevertheless, it is only recently that any consider- 
able part of that large and complex area has been mapped with 
the close attention to detail requisite in a complete geological 
survey. Even apart from the time demanded by such a minute 
examination of the ground, the large-scale Ordnance maps which 
make it possible have been issued only within the last few decades. 
Thus, in the ten years which the present writer has spent on this 
work, it has been his good fortune to enjoy facilities denied to his 
predecessors, besides benefiting by the fruits of their labours in the 
same field. Fortified by these advantages, he has been enabled to 
pass with less diffidence from observation to inference, even when 
the latter is at variance with the views of geologists of much wider 
experience, For, as might be anticipated, the results of the detailed 
survey, while generally confirming the conclusions of the recognized 
authorities, have sometimes extended, restricted, or modified them, 
or have even led to a decided difference of opinion. 

The individual questions on which such difference of opinion arises 
are not many, but some of them have far-reaching consequences. 
They are, in all cases, questions the settlement of which demands 
both close examination of the ground and comparison of different 
parts of the region ; and this is doubtless the reason why they have 
a been raised, at least in any very definite form, until the present 

ime. 

The most important modification of hitherto received opinion in 
consequence of the results of the survey, is the recognition of the 
intrusive nature of a large part of the rocks which have been 
generally regarded as extruded lavas. The rocks in question 
include fully half of those which build up the ‘ basalt-plateaux ’ 
constituting the greater part of the Inner Hebrides. As illustrating 
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the kind of evidence that is relied on, and as having also a direct 
bearing on the main subject of this communication, a summary 
discussion will not be out of place. Part of the evidence in the case 
of the Isle of Skye has already been set forth elsewhere,! and the 
conclusion there arrived at has been even more firmly established 
in the survey of the ‘Small Isles’ to the south. 

The basalt-plateaux are made up of a monotonous succession of 
sheets of basic rocks, individually from 2 or 3 to 100 feet thick, 
and reaching an aggregate thickness of sometimes 2000 or even 
3000 feet. The rocks composing these sheets are, broadly, of two 
kinds, which may be distinguished as basalts and dolerites. 

The basalts are usually amygdaloidal, and more or less affected 
by secondary changes. They are comparatively soft and crumbling 
under exposure to atmospheric weathering, and are very largely 
concealed under superficial accumulations of Drift and peat. ‘They 
are of fine texture, and have typically the microstructure which has 
been styled granulitic. 

The dolerites are much fresher rocks, and much more durable, 
forming all the strong features in the plateau-type of landscape. 
Their escarpments show marked vertical jointing, sometimes as- 
suming a very regular columnar habit. The rocks, excepting only 
the thinnest sheets, are of decidedly coarser texture than the 
basalts, and their microstructure is typically ophitic. These 
dolerites are, in aggregate thickness, at least equal to the basalts 
with which they alternate; and their salient outcrop gives them an 
appearance of very decided preponderance. 

Such is the constitution of all the north-western half of Skye, of 
Kigg in general (excluding the upper part of the Sgurr), of Canna, 
Sanday, and Muck, and of the greater part of Mull. My observa- 
tions go to prove that, while the basalts represent super- 
ficial outpourings of lava at an early stage of igneous 
activity, the intercalated sheets of dolerite are intru- 
sive sills belonging to a later date. 

The dolerite-sheets run with remarkable regularity for very long 
distances, but occasionally they may be observed to shift their 
horizon among the basalts, to come together, or to separate. When 
they encounter a mass of coarse volcanic agglomerate, they often 
behave much more irregularly, being sharply diverted or abruptly 
terminated. They sometimes enclose abundant fragments of the 
amygdaloidal basalts, and in a few instances it has been verified 
that a sheet of dolerite cuts through a dyke of earlier date. These 
are more or less conclusive proofs of intrusion for the individual 
sheets which afford such direct evidence; but the cases in which 
some of these tests can be applied are, naturally, not very frequent. 
Much more convincing evidence is furnished by a comparative 
survey of the areas in which the rocks are developed. 

In the first place, it is to be remarked that sheets of dolerite in 
all respects identical with those in question occur, not only among 


1 «The Tertiary Igneous Rocks of Skye’ Mem. Geol. Surv. 1904, chap. xiv. 
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the basalts, but also among the subjacent Jurassic strata along the 
eastern coast of Skye and in the northern part of Eigg. Here their 
intrusive nature has long been recognized. It seems an arbitrary 
interpretation to make the dolerites intrusive when they occur 
below the base of the basalt-group, and extrusive when they 
occur above that line.* 

More striking evidence is afforded by the volcanic agglomerates 
which are found in the basalt-group, mostly near its base but also 
at higher horizons. The fragments in these agglomerates are of 
basalt, sometimes with an admixture of sandstones and other rocks 
of extrancous origin ; but I have sought in vain for any undoubted 
fragment of dolerite similar to that forming the strong sheets in 
the neighbourhood. The same remark applies to the fluviatile 
conglomerates intercalated at various horizons in the basalt-group 
in Skye, Canna, Rum, and Mull. Since the dolerites play at least 
an equal part with the basalts in the succession as now seen, and 
are moreover of much more durable nature, the absence of frag- 
ments of the dolerites from these accumulations points to the 
conclusion that they were not there when the latter were formed ; 
or, in other words, that they are intrusive sills of later date. 

Equally noteworthy is the horizontal distribution of the dolerite- 
sheets, as brought out by the mapping of Skye. The plutonic 
intrusions—peridotites, gabbros, and granites—which make the 
central mountain-tract of this island are surrounded by a belt 
of metamorphism, in which the basaltic lavas have a hard and 
tough consistency, with an absence of bedding, markedly in 
contrast with their usual characters. As the dolerite-sheets are 
traced from the plateau-country towards the mountains, they 
are found to die out, and they all terminate without entering the 
belt of hard massive basalt of the mountain-border. Further, in 
the mountains themselves, the gabbro and granite enclose many 
patches of basalt in a more or less metamorphosed state, some as 
much as a mile in length; but the dolerite-sheets never form part 
of these enclosed patches. ; 

Having regard to all these facts, the proof seems to be com- 
plete, not only that the dolerites are intrusive in the basalts, but 
that there is a great difference in age between the two groups, the 
basalts being older than the plutonic intrusions and the dolerites 
younger. Many other facts might be cited as confirming, directly 
or indirectly, these conclusions. ‘The general sequence of the 
Tertiary igneous rocks established in Skye is found to be borne out 
in the other islands, and in particular the recognition of three suc- 
cessive phases of igneous activity in this region. These three phases 
are characterized respectively by (i) volcanic extrusions, (ii) plutonic 
intrusions, (111) minor intrusions of hypabyssal habit; and the first’ 


event of the third phase is represented by the ¢ t o f 
dolerite-sills. E y great group. o 


1 yo - . 7: fs «= c Fs r : 
Sir Archibald Geikie long ago recognized the intercalation of intrusive sills 


among the basalts, but he allowed them no importance except at the base of 
the series. 


Vol. 62.] STRUCIURE OF THE SGURR OF EFIGG. 43 


JI. Generat Srrucrure or tan Prrousronre-ComPrex. 


The general geological structure of Eigg is too well known to 
need any detailed account in this place. The Jurassic strata dis- 
played in the northern part of the island have sunk below sea-level 
in the southern part; and here the crumbling basalts, and the more 
durable dolerite-sills which alternate with them, rise inland in a 
terraced slope, culminating in the Sgtrr. Resting on this pile, as 
if poised upon a pedestal, is the great mass of the pitchstone. Its 
crowning position and its abrupt outline make it a conspicuous 
object, even in a distant view. ‘he bold ridge which it makes has a 
curved course with a general direction from north-west to south-east, 
terminating abruptly at the highest point (1289 feet). Excepting 
this most elevated portion to the south-east, the crest of the ridge runs 
usually at an altitude of 1000 to 1100 feet. The pitchstone presents 
generally precipitous walls on both sides: its base on the north- 
eastern side being in most places between 900 and 1000 feet above 
sea-level, while on the opposite side it sometimes sinks to 700 feet, 
showing a general inclination in this direction (south-westward or 
southward). The hase also declines along the direction of the ridge, 
being at about 1060 feet at the easterly termination, and sinking 
to about 550 feet at the opposite end, where the ridge is truncated 
by sea-cliffs, There are also minor variations of level, and it is 
clear that the lower surface of the pitchstone has in places an 
undulating form. ‘he breadth of the ridge varies up to about 
500 yards, exclusive of some arm-like extensions on the north- 
eastern side, which make the hills named Beinn Tighe and Corn- 
bheiun. The maximum thickness of the pitchstone is about 
400 feet. In its south-eastern portion the base, in so far as it can 
be regarded as an inclined plane, has a general dip of about 15° to 
the south. At the actual termination eastward the inclination is 
much steeper, the observed dip being about 40°. 


The fine natural section at this last-mentioned place shows clearly 
that the pitchstone truncates obliquely the alternations of basalt 
and dolerite upon which it rests (see Pl. III). The same is true in 
every part of the boundary, as is well brought out by the mapping 
of the hill. The relation of the pitchstone to the underlying rocks 
is, then, of a transgressive kind. Further, the partly undulating 
form of the surface of contact is not due to any subsequent folding ; 
for the basalt-group below is undisturbed, with a gentle south- 
westerly dip. (See map, fig. 1, and section, fig. 2, pp. 44 & 45.) 

The rocks which build the Sgirr are not a single body, but 
constitute a number of sheets, which in most places are sharply 
divided from one another. ‘he dominant rock is the well-known 
porphyritic pitchstone, containing clear crystals of felspar in a 
velyety-black resinous-looking groundmass. Intercalated in this 
are sheets, usually of no great thickness, composed of a dull-grey 
porphyritic felsite, which, as seen in the escarpment, weathers 
more rapidly than the pitchstone, and so forms grooves or recesses 


Fig. 1.—Sketch-map of the south-western part of the Isle of Higg; 
on the scale of 2 inches to the mile. 


The above map shows how the pitchstone truncates obliquely the basalt-and- 

! Phare I a : pha Mee st 
dolerite succession; also the position of the Grulin felsite-intrusion, 
possibly representing the feeder of the pitchstone. | 
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pitchstone-complex there is seen in many places a rock which 
at first sight seems to be quite distinct, though evidently related 
to the complex above. It shows more or less abundant blocks 
of the black pitchstone in a soft pale-grey matrix, which is 
evidently formed by the decay of the pitchstone itself or of 
its felsitic modification. The weathering-out of this soft basal 
band has often given rise to a recess at the foot of the pitchstone- 
escarpment (see Pl. III & fig. 3, YZ; also fig. 5, p.57). It is well 
seen along the southern face for a distance of 500 yards from the 
eastward termination of the ridge, its thickness here being usually 
from 3 to 7 feet, or exceptionally as much as 10 feet. The pitch- 
stone-blocks embedded in the soft pale-grey matrix range up to a 


Fig. 3. (Key to Pl. LIL.)—The Sgiwr of Higg seen from the 
east-south-east, from near Galmisdale. 


Ye TMs . : Sane 


The lower slopes are made by numerous alternations of basaltic lavas (B) witb 
intrusive sills of dolerite (D). These are truncated obliquely by the thick 
sheet of pitchstone (P) which forms the summit-ridge, having a columnar 
structure in a roughly vertical direction, or locally inclined and divergent 
The pitchstone is intersected by thinner sheets of a felsite (F), the devitri- 
fied equivalent of the pitchstone itself, with a generally parallel disposition 
but deviating in places. 


_Along the line YZ is a recess made by the weathering-out of the brec- 
ciated and decayed basal band of the pitchstone, and below this at Z is the 
breccia with foreign rock-fragments and fossil wood. 


foot or two in diameter, and exceptionally to 4 feet. heir varying 
orientation, as indicated by the flow-structure in them, proves that 
they are not merely relics of an unbroken sheet, but have suffered 
relative displacement. Sir Archibald Geikie considered this decayed. 
band to represent ‘a kind of brecciated base or flow of the main 
pitchstone-mass,’’ and this is doubtless its true nature. It is very: 
clear in places where, for a short distance, the base of the pitchstone 


* Quart. Journ, Geol. Soc. vol. xxvii (1871) p. 307. 
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has escaped breaking up, and the pale band is seen abutting upon 
undisturbed and unaltered rock (see P’ in fig. 6, p. 60). In 
addition to the blocks of pitchstone (and felsite), the decomposed 
matrix encloses in places a few pieces of a blacker and more 
completely vitreous rock, without conspicuous felspar-crystals, which 
may be taken to represent a more perfectly glassy selvage to the 
pitchstone-sheet. There are also fragments of extraneous origin, 
which are sometimes rather abundant at the base of the pale band, 
but become rare towards its top. Excepting one locality, to be 
described below, these extraneous fragments are exclusively of 
basalt and dolerite, evidently picked up from the subjacent rocks, 
The inclusion of these is not necessarily connected with the 
brecciation, for they are found also in the base of the pitchstone 
where it is unbroken and unaltered: for example, in the spur on 
the north-eastern side of the ridge near Loch na Mna Moire. 

The general geological relations of the pitchstones to the basic 

rocks have at different times received very different interpretations. 
Macculloch! (1819) does not explicitly discuss the point. He 
remarks that the rock of the Sgurr may in places be 
‘seen resting on the same trap with which it alternates, and thus forming... , 
the uppermost rock of this interesting island.’ 
The ‘trap’ here referred to is the felsite which is so intimately 
bound up with the pitchstone itself; but the concluding words seem 
to imply that pitchstone and felsite together constitute merely the 
uppermost member of the general sequence. This ignores the 
obviously transgressive junction, so clearly exhibited at the eastern 
end of the ridge. 

Von C&ynhausen and von Dechen* (1829), as appears from their 
brief reference and the accompanying figure, considered the pitch- 
stone to be intruded through the basalts, and indeed they liken it to. 
a dyke. Hay Cunningham ® took the same view, which he illus- 
trated by a most uncompromising diagram; and James Nicol * 
arrived at a like conclusion. It is difficult to understand how this 
dyke-hypothesis could ever be entertained, in view of the manifestly 
stratiform disposition of the pitchstone-mass. At numerous places 
along the base it is possible to penetrate for several yards under the 
great sheet, and to see its base, like an inverted pavement, overhead. 

Hugh Miller (1858), like Macculloch, realized that the pitchstone 
definitely overlies the basalts; and, though his words are more 
picturesque than precise, he seems to have regarded it as the result 
of a yolcanic outpouring. He speaks of the rock of the Sgirr as 
haying been ‘laid down .... in one fiery layer after another’.’ It 
is, however, to Sir Archibald Geikie* (1865) that we owe a clear 

1 ‘Description of the Western Is. of Scotland’ vol. i (1819) p. 522. 

2 Karsten’s Archiv fiir Min. vol. i (1829) pp. 105-14 & pL. iv. 

3 Mem. Wern. Nat. Hist. Soc. vol. viii (1839) pp. 144-63 & pl. vy. 

4 «Guide to the Geology of Scotland’ 1844, pp. 232-33. 

> *Oruise of the Betsey’ 1858, p. 35. 

6 «Scenery of Scotland’ Ist ed. (1865) pp. 278-82; Journ. of Travel & Nat. 
Hist. vol. i (1868) pp. 14-16 ; Quart. Journ. Geol. Soe. vol. xxvii (1871) pp. 279- 
310; and later works. 
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exposition of the view which regards the pitchstone of the Sgurr of 
Ligg as a laya-flow, or succession of flows, poured out over an eroded 
land-surface of the basalts. This may be taken as the generally 
accepted interpretation for the last forty years. It has been 
endorsed by Prof. Judd,’ Prof. Heddle,? and others; butit does not 
appear to have been critically tested on the ground. 

In 1892 the late Prof. Heddle* made an interesting contrib- 
ution to the subject, recognizing that a porphyritic pitchstone 
identical with that of the Sgurr of Eigg makes the isolated cluster 
of low rocky islets named Oigh-sgeir (often written Hyskeir); an 
observation subsequently confirmed by Sir Archibald Geikie.* 
Oigh-sgeir, rising only 34 feet above sea-level, lies between 18 and 
19 miles from Bidein Boidheach, the seaward termination of the 
ridge of the Sgurr, and bears about W. 15° N., agreeing with the 
general trend of the pitchstone-ridge of Higg. If, as Heddle 
supposed, Oigh-sgeir and the Sgurr of Kigg are relics of one and the 
same lava-stream, we must infer that the two islands formed, at 
the epoch of the pitchstone, parts of one extensive land-surface. 
Assuming that the nearly submerged pitchstone of Oigh-sgeir has a 
thickness comparable with that seen on Higg, Sir Archibald calculates 
that the base declines westward at the rate of about 35 feet per 
mile. 


When, in the course of the geological survey of the Inner 
Hebrides, the present writer came, in 1903, to map the southern 
part of Higg, the work was begun on the received hypothesis that 
the pitchstone of the Sgurr represents the remains of a lava-current 
filling an old Tertiary river-valley. The detailed examination of 
the ground, however, discovered circumstances which were difficult 
to reconcile with that hypothesis, and eventually led to a reconsid- 
eration of the whole question. The results of my observations, 
though not sufficient to decide some of the minor questions which 
arise, go to support the view that the pitchstone-sheet is intrusive 
in the basalt-group. I have twice revisited Kigg during the present 
year (1905), and on one visit had the-advantage of accompanying 
Dr. Peach, who brought to light other facts tending to the same 
conclusion. [I am indebted to him for useful criticism, as well 
as for positive additions to the evidence bearing on the question. 
I desire also to express my thanks to Mr. R. L. Thomson, the 
proprietor of the island, who has interested himself in the enquiry, 
and whose kindness has made the work easy and pleasant. 

The first point relates to the general form of the pitchstone- 
complex as a whole. The elongated and curving trend of the ridge, 


1 See Geol. Soc, vol. xxx (1874) p. 267. 
* Proc. Roy. Soc. Hdin. vol. xi (1882) pp. 632-83; also (Appendix C) 
‘A Vertebrate Fauna of Argyll & the Inner Hebrides’ br J.A vie-Br 
& T. E, Buckley, 1892, pp. 247-50, oe 
3 Op. supra cit. p. 249. : 
4 Rep. Brit. Assoc. for 1894 (Oxford . 652-73 ; and y 
Soo. vol lii (1896) pp. S778. ( ) pp. 652-73 ; and Quart, Journ. Geol. 
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with its projecting arms, seems at first to accord with the supposi- 
tion that the pitchstone occupies an old valley with smaller tributary 
glens ; and it is also very noticeable that, at the base of the escarp- 
ment, the lower surface of the pitchstone has in most places an 
inward slope. Even on a broad view, however, the actual courses 
of the supposed valley and its tributaries are not easily laid down 
on any plausible lines; and the main valley must be supposed to 
narrow to a gorge at Bidein Boidheach, although it is in this part of 
its channel that the assumed river-grayel has been accumulated to 
a depth of about 100 feet (see PI. IV & fig. 4, p. 53), 

Closer examination of the actual sections raises more serious diffi- 
culties in the way of this hypothesis. The junction of the pitchstone 
with the underlying rocks is sometimes a steeply-inclined surface, 
and in certain parts of the boundary it slopes outward. This is very 
noticeable near Loch Beinn Tighe, where there is a sharp dip down 
towards the tarn. In the south-western part of Beinn Tighe the 
base of the pitchstone inclines towards the main body; but in the 
north-eastern part of the hill the dip is in the opposite direction, 
implying that the supposed tributary at this place ran uphill. The 
same is true of the smaller projecting tongue between Beinn Tighe 
and Cornbheinn. Along Cornbheinn the base of the pitchstone has 
apparently an undulating inclination, without any general slope 
towards the west; nor is it easy to see how the supposed tributary 
glen at this place could enter the main valley. Similar difficulties 
are encountered at places on the opposite side of the main ridge, 
notably at the projecting spur north of the Grulin crofts. 


The detailed mapping of the ground thus leads to a different 
interpretation of the structure of the Sgirr. The ridge and its 
offshoots, as we now see them, seem to be rather the relics of a 
more extensive sheet which had an irregularly-undulating lower 
surface. The position of the escarpment in different places has 
been determined by lateral erosion operating in relation to the 
columnar jointing which is so striking a feature of the pitchstone- 
complex. Where the columns leaned outward, they were easily 
destroyed, and the escarpment was thus cut back to a line along 
which the columns leaned inward. This corresponds as a rule with 
an inward dip of the base of the sheet, since the columns tend 
usually (but with exceptions) to be perpendicular to the lower 
surface, The exceptions are seen at such places as Loch Beinn 
Tighe, where the columns lean inward, although the base of the 
pitchstone dips outward. 

The yisible form of the lower surface of the pitchstone-complex, 
as seen in detail along all parts of the base of the escarpment, is a 
highly significant one. The pitchstone, as we have seen, truncates 
an alternating succession of basalts and dolerites, the latter of which 
are much more durable rocks than the former. The slope leading 
up to the Sgirr, or any other hillside in the plateau-region, shows 
accordingly a strongly terraced form which is very characteristic, 
and is well seen in Pl. III. Such should be the form of the base 

Q.J.G.8. No. 245. E 
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of the pitchstone, if it coincided with an old surface of erosion. 
The actual form, as shown in the same plate, is very different. 
Despite undulations, the junction is always a clean-cut one. The 
undulations may often be seen to correspond with the places where 
the pitchstone-base passes from basalt to dolerite; but they 
show only gentle curvature, never abrupt change of direction. In 
this the junction agrees with an intrusive one, and differs from 
the erosion-form which is a necessary part of the river-valley 
hypothesis. 

The steep inclination of the base of the pitchstone in certain 
places has already been remarked. Exceptionally, as on the north 
side of the Bidein-Boidheach section, it seems to approach the 
vertical. But it is further to be noticed that a steep slope is some- 
times found in individual sheets of the complex, which on the 
extrusive hypothesis should represent. separate lava-flows. The 
most conspicuous example is the eastern precipice of the Sgurr 
proper (see P]. III). Here the base consists of a sheet of felsite 
some 80 feet thick, with parallel upper and lower surfaces, which 
dips southward at an angle of 40°. It is clear that a thin lava- 
flow could not rest in such a posture as this, and examination of 
the felsite leaves no doubt that it is intrusive. It truncates 
obliquely the columns of the overlying pitchstone; and, when 
followed down the southern slope, it is seen to leave the base, 


cutting into the pitchstone itself and running out into two tapering 
tongues. 


Other sheets of felsite, which are numerous on the southerly face 
of the eastern part of the ridge, show in different cases indications 
of intrusive relations towards the pitchstone. A small one near the 
base passes into a nearly vertical dyke cutting up into the pitchsone. 
Most of the sheets have an approximately horizontal position, but with 
a wavy course and tapering form,’ and bifurcation may be observed 
in several places. The felsites do not share the regular columnar 
structure of the pitchstone, but often truncate the columns obliquely 
while they have a less pronounced and ruder jointing perpendicular 
to their own contact-surfaces. These circumstances seem to afford 
satisfactory evidence of intrusion. 

We have remarked, however, that there are also gradual trans- 
itions between felsite and pitchstone; and it is of interest to note 
that this relation is sometimes to be observed in connection with 
sheets of felsite which still give evidence of being intrusive in the 
pitchstone-mass. The sheet first mentioned, at the eastern base of 
the Sgurr, is probably an example of this, for, where it bifurcates 
towards the south, it seems to lose itself gradually in the pitchstone. 
In several other cases, which can be more closely scrutinized, such 
behaviour is quite manifest. A sheet which sharply cuts the pitch- 
stone can be followed along its length until the line of demarcation 
is lost, and the felsite merges into the general body of the pitchstone 


1 See Sir Archibald Geikie’ + 
ae a rehibald Geikie’s sketch, Quart. Journ. Geol. Soe, vol, xxvii (1871) 


Vol. 62.] STRUCLURE OF THE SGURR OF EIGG. Hil 


by insensible gradations. Such a sheet would seem to represent a 
portion of magma forced out from a place where solidification was 
not yet complete and piercing a part of the mass which had already 
consolidated as pitchstone. The relationship between the two rocks 
must thus be of a peculiarly intimate kind, since they are on this 
supposition products of one magma, intruded in the first place as a 
single body. . 

It would not follow from the relation suggested that the felsite- 
sheets should agree exactly in chemical composition with the pitch- 
stone (which itself seems to be somewhat variable) or with one 
another. Indeed the crystallization of the felsite and the vitrifica- 
tion of the pitchstone may be determined, in part, by a certain 
difference in composition. The following partial analyses are 
furnished by Dr. W. Pollard, the felsite being from the conspicuous 
sheet at the eastern base of the Sgirr :— 


Piichstone. Lelsite. 


Sis rcpauseners 63°34 68:43 
NBO etc scctan 4-56 4-76 
Ke Oem eetce ) 4:50 631 


Another consideration relates to the channel by which the pitch- 
stone ascended through the basalts. We may safely assume that 
the magma which gaye birth to the rock possessed a considerable 
degree of viscosity. As a subaérial lava it could not flow to any 
very great distance. If it was a subterranean injection, the same 
remark applies, though with somewhat less force. Among our 
Tertiary intrusions, sheets of acid or subacid composition, although 
they may equal or exceed the dolerite-sills in thickness, in no case 
rival them in lateral extent. On either alternative, then, we might 
hope to find some indication of the source of the pitchstone at no 
great distance from the Sgurr itself. On the lava-flow hypothesis 
we should seek such indication in an easterly or south-easterly 
direction. Here we find no intrusive mass which can be supposed 
to mark the channel of uprise; but, since we arrive at the sea in a 
distance of about 14 miles, the negative evidence is of little weight. 
Close to the ridge of the Sgirr, however, on its south-western side, 
we find a remarkable intrusion of porphyritic felsite, which may 
possibly represent the feeder of the pitchstone-intrusion. This mass, 
recognized by Sir Archibald Geikie and marked on his sketch-map,* 
has an elongated form, and extends for more than a mile close to 
the base of the pitchstone-escarpment (see map, fig. 1, p. 44). In 
its western or north-western part, above the deserted crofter town- 
ships of Grulin, the outcrop has a width of 100 to 200 yards, and 
it is evident that the rock cuts abruptly through the basalt-lavas 
and dolerite-sills with a quasi-vertical boundary (see section, fig. 2, 
p. 45). Eastward, near the summit of the Sgurr, the outcrop tapers 
away, and it is possible that the mass has in this part the form of 
an inclined sheet. The rock is not only later than the dolerite-sills, 


1 Quart, Journ. Geol, Soc. vol, xxvii (1871) p. 286. 
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but probably also later than the basic dykes; for one at least of 
these stops abruptly on encountering the felsite, as if cut off by it. 
So far as the evidence goes, therefore, this Grulin felsite may well 
be of the same age as the pitchstone. The felsitic rocks near Laig 
Farm and at the extreme north of the island are earlier, being 
intersected by the basic dykes; and they are thoroughly acid rocks, 
while the Grulin felsite is essentially felspathic. Otherwise unique 
in the district, this rock has petrographical characters in common 
with the felsite-sheets of the Sgurr, although, as is to be expected, 
+t is not of such fine texture. A partial analysis by Dr. Pollard 
enables us to compare its composition with that of the pitch- 
stone :— 


‘ Grulin 
Pitchstone. felsite. 
SHO)s qosoutea cocddenaacr 0% 63°34 58:13 
INGO Scobsiocscnsbeso ccc 4-56 4°57 
1X O)k Prdehponnoninpnbacoscce 4:50 4:85 


‘The resemblance in respect of the alkalies is very close. 


Ill, Fracwenra, AccUMULATIONS AND Fosstz Woop. 


In two places accumulations of fragmental materials are seen 
immediately beneath the pitchstone, or beneath the pale decomposed 
band which has been included as a component part of the pitch- 
stone-complex. These fragmental accumulations are of importance, 
as constituting a part of the evidence upon which Sir Archibald 
Geikie has based his interpretation of the structure of the Sgurr of 
Kigg. He considered them to be of the nature of river-gravels, laid 
down on the floor of a valley at this place, and subsequently covered 
by a pitchstone lava-stream. The two localities present different 
features, and will be described separately. 

We take first the section at Bidein Boidheach, where the ridge 
running north-westward, is abruptly cut off by the sea-cliffs. Sir 
Archibald Geikie has given a figure’ of this place, and by the 
kindness of Mr. A. S. Reid, F.G.S., I am enabled to illustrate it by a 
photograph, taken by him, under considerable difficulties, from the 
sea (Pl. IV and fig. 4, p. 53). The lower part of the section shows. 
the usual alternations of basalt-lavas and dolerite-sills lying nearly 
horizontally. At the top is the pitchstone-sheet, its base at this 
place dipping inward on both sides of the ridge in a way which 
taken alone, might seem to accord well with the supposition that 
the pitchstone occupies the bed of a valley. Below this, and filling 
a hollow in the basalt-group, is the fragmental accumulation to be 
noticed. As seen in the cliff-section, it has a maximum thickness. 
of perhaps 100 feet, rapidly thinning away in both directions. It 
might represent either a cross-section of a deposit extending along 
the direction of the ridge, or a small funnel-shaped mass which 
happens to be intersected by the present line of the cliff. I interpret 


' Quart. Journ. Geol. Soe. vol. xxvii (1871) p. 308. 
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it in the latter way, as a mass of volcanic agglomerate filling a 
small vent. Only a small part of it, on the south side, is accessible 
to direct observation. . 


Fig. 4. (Key to Pl. IV.)-—Bidein Boidheach, showing the sea-cliff in 
which the ridge of the Squrr terminates north-westward. 


Ce Seas 
cial 


My, 


The outcrops of the basaltic lavas and dolerite-sills run in nearly horizontal 
lines. PPP is the base of the pitchstone, and A is the volcanic agglomerate 
which underlies it in the cliff. The dolerite-sill D, impinging upon the 
agglomerate and deviated by it, is not distinctly seen in the photograph. 
At B are basalt-dykes, cutting the basalt-lavas and dolerite-sills, and one 
of these is seen to terminate abruptly at the agglomerate. 


The first point to note is the evidence that this fragmental 
accumulation is older than the dolerite-sills. The large sill which 
makes the top of the cliff on the south side is seen to abut upon the 
agglomerate, but does not enter it. It is, however, not cut off, but 
sharply deviated. As Dr. Peach observed, it turns upward, with 
diminished thickness, along the boundary of the agglomerate, and 
then, curving away, rapidly dies out. No corresponding sill is 
seen on the opposite side, although the unbroken succession below 
shows that the steep boundary on that side is not made by a fault. 
Instead we find some thinner sills which, so far as can be seen, 
appear to terminate abruptly at the agglomerate. The sharp 
deviation or abrupt termination of sills where they come against a 
mass of coarse agglomerate is a phenomenon seen in many places in 
Skye, Canna, and Sanday. These and some other massive rocks 
appear to have the property of arresting the progress of a minor 
intrusion, either sill or dyke, which encounters them.’ Some basalt- 
dykes occur, as noted by Sir Archibald Geikie, in the cliff of Bidein 
Boidheach, and one of them is seen to terminate abruptly at the 


1 See ‘The Tertiary Igneous Rocks of Skye’ Mem. Geol. Sury. 1904, pp. 242, 
293. 
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agglomerate. Since it cuts the dolerite-sills, it cannot be older 
than the agglomerate, and its apparent truncation must be due to 
the difficulty which it experienced in piercing that mass. Both in 
its form and in its relations this fragmental accumulation of Bidein 
Boidheach closely resembles some of the small volcanic vents of 
Skye, notably one in the cliff at Sgurr-an-Duine, between Lochs 
Brittle and Kynort. F 

The nature of the material is also in accord with this inter- 
pretation. ‘he principal element is amygdaloidal basalt, in blocks 
measuring up to a foot or two in diameter, subangular or rounded ; 
the rounding being of the kind characteristic of our volcanic agglo- 
merates, that is tending to the spherical form, without the ovoid 
shapes so common in waterworn pebbles. Torridonian rocks, in 
smaller pieces, are fairly plentiful, and Sir Archibald Geikie found 
fragments of the white sandstone of the Oolites. Both formations are 
doubtless in place below sea-level at this locality, and the occurrence 
of their fragments in a volcanic agglomerate is very natural. 
Dr. Peach detected also a piece of granite and other fragments of 
a decayed rock, probably of the gabbro-family. These plutonic 
rocks occur also in the volcanic agglomerates of Skye,’ and possess 
a certain interest, which lies, however, outside our present subject. 
The most significant fact is the absence of any fragments of dolerite 
from the sills. In a river-gravel derived from the erosion of the 
basalts and dolerites the latter should be as abundant as the former, 
or more so in virtue of their superior durability. The character of 
the material, therefore, confirms the conclusion that we have to do 
here with a volcanic agglomerate of the basalt-period, much older 
than the dolerite-sills and very much older than the pitchstone. 
The conjunction of the pitchstone with the agglomerate is, on this 
view, merely accidental. 


The second locality to be examined is near the other end of the 
ridge, on the southern side of the higher part of the Sgurr and 
about a quarter of a mile from its easterly termination. It is 
somewhat above the former occurrence, both in altitude and as 
regards geological horizon. In this neighbourhood the brecciated 
and decayed base of the pitchstone has been cut back to make a 
recess or piazza, in places 10 feet or more in height. In the floor 
of this recess a breccia with fragments of various rocks is poorly 
exposed for some distance; and at one place, near some shelters for 
sheep, is the locality of the well-known fossil wood. 

Although the fossil wood of the Sgirr of Eigg was discovered 
90 years ago, and has been referred to by numerous writers, the 
published information concerning its mode of occurrence is not 
only very scanty, but remarkably confused. This is due partly to 
misunderstanding of records obtained at second-hand, partly to the 


fact that wood occurs at this place in more than one situation and 
of more than one kind, 


1 “The Tertiary Igneous Rocks of Skye’ Mem. Geol. Sury. 1904, p. 24. 
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_ The earliest notice is by Maceulloch (1814). He states that the 
pitchstone lies in a bed of ‘marle’ 3 or 4 feet thick, which rests 
upon a bed of hard reddish sandstone, and that 


‘ Large masses of wood, bituminized and penetrated with carbonat of lime, are 
found in the marle stratum, not at all flattened. Portions also of trunks of 
trees, retaining their original shape, are seen in the same bed, silicified, and 
their rifts filed with chaleedony, approaching in aspect to semi-opal.’ } 


Later * he made a correction, stating that what he had termed 
‘marle’ was a ‘mixture of limestone, clay, and sand.’ He found 
reason to believe that it was not a continuous bed, but either a 
lenticle entangled between the pitchstone and the subjacent mass 
or a part of the latter. This underlying mass he described as 


‘a conglomerate consisting of small and large fragments of red sandstone, 
trap, and silicified wood, imbedded in a basis of trap’ (Coc. cit.). 


Macculloch’s ‘marle’ is the pale brecciated and decayed base of 
the pitchstone, and the ‘conglomerate’ below is the rock which 
will here be described as a volcanic agglomerate. The large pieces 
of wood are correctly described as occurring in the former, and 
Macculloch is equally accurate in recording fragments of wood in 
the latter also. 

Von (CEynhausen and von Dechen® apparently failed to find 
wood, but they unwittingly contributed to the confusion of the 
subject. Their paper mentions, as occurring immediately beneath 
the pitchstone on the south side, a conglomerate with pieces of 
pitchstone, hornstone, chalcedony, and calespar; and this they 
identify with Macculloch’s conglomerate containing red sandstone 
etc., though it must certainly be the brecciated and decomposed 
base of the pitchstone. 

Fossil wood from beneath the Sgirr of Eigg was described and 
figured by Witham * (1831), and shortly afterward by Lindley & 
Hutton.’ From both accounts it might be inferred that this wood, 
named Pinites ecggensis, occurred in place in Jurassic strata at the 
base of the Setrr. This misapprehension was corrected by William 
Nicol,® who had supplied the material described, and who states 
that it was found ‘among the débris of the prismatic columns of 
porphyritic pitchstone.’ The specimens described and figured, then, 
were not obtained in situ, but from loose fragments. It is fairly 
certain, however, that their source was the former of the two 
occurrences recorded by Macculloch, namely, the decaying base of 
the pitchstone. 


Trans. Geol. Soc. ser. 1, vol. ii (1814) p. 408. ‘ 
‘Description of the Western Is. of Scotland’ vol. i (1819) p. 522. 
Karsten’s Archiv fiir Min. vol. i (1829) p. 107. 

4 «Qbseryations on Fossil Vegetables’ 1831, p. 87 & pl. v, figs. 13-14. Also 
‘The Internal Structure of Fossil Vegetables’ 1833, pp. 63-65, pl. xiv, figs. 13- 
14, & pl. xv, figs. 6-9. 

> «The Fossil Flora of Great Britain’ vol. i (1831-33) pp. 91-92 & pl. xxx. 

6 Edin. New Phil. Journ. vol. xvi (1833) p. 154. See also Rep. Brit. Assoc. 
for 1834 (Edinburgh) Trans. Sections, p. 660. 
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Hay Cunningham,’ upon no grounds ascertainable from his 
memoir, flatly contradicts Macculloch’s statements as to the mode 
of occurrence of the fossil wood. He asserts that the wood has 
never been found ia situ, and adds, inconsequently, 


‘it is evident from the point where its fragments may be obtained, that its 
matrix is the rock of the Scuir...... : 


Hugh Miller described quite clearly the manner of occurrence of 
the wood, as follows :— 


‘We were successful in procuring several good specimens of the Eigg pine, 
at a depth, in the conglomerate, of from 8 to 18 inches. Some of the 
upper pieces we found in contact with the decomposing trap out of which 
the hollow piazza above had been scooped; but the greater number ...... 
lay imbedded in the original Oolitie grit in which they had been locked 


YEP Seco z 


It is to be remarked that at that time, notwithstanding Maccul- 
loch’s earlier work, the basaltic rocks were generally believed to be 
lavas of Oolitic age. Assuming this, Miller included the con- 
glomerate in the same series, and regarded the fossil wood as the 
relics of contemporaneous vegetation entombed in the ‘ deep-sea 
bottom.’ Not only did-he speak of the Eigg pine as ‘an ancient 
tree of the Oolites,’ but he stated that it is found in this formation 
in other parts of Scotland :— 


‘The fossil trees found in such abundance in the neighbourhood of Helmsdale 
that they are burnt for lime,—the fossil wood of Hathie in Cromartyshire, 
and that of Shandwick in Ross—all belong to the Pinites ciggensis’ (op. cit. 
p. 39). 


It does not appear, however, that this statement was based on 
any minute comparison of specimens; and, indeed, in a later work 
Miller did not insist upon the specific identity, but spoke of the 
examples from the eastern part of Scotland as ‘branches and 
portions of the trunks of asimilar pine’ to that of Figg.’ It should 
be noted that Miller’s Kigg specimens came partly from the decom- 
posing base of the pitchstone, but mostly from the underlying 
breccia or agglomerate. My own specimens from the latter 
situation include some which do not belong to Pinites; but small 
pieces of this also occur here, as well as in the band above. 

Sir Archibald Geikie * seems to have found only the small pieces 
of wood which occur mingled with fragments of various rocks in 
the breccia, as distinct from the brecciated and decaying base 
of the pitchstone, although his brief account does not explicitly 
separate the two fragmental bands which occur at this place. 
I have no doubt that the two are quite distinct, and that their 
conjunction here is accidental. ‘The brecciation of the basal part 
of the pitchstone (or its felsitic modification) and alteration to a soft 


Mem. Wern. Nat. Hist. Soc. vol. viii (1839) p. 156. 
‘Cruise of the Betsey’ 1858, p. 37. 

‘Sketch-Book of Popular Geology’ 1859, p. 138. 
Quart. Journ. Geol. Soc. yol. xxvii (1871) p. 307. 
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rock of dull-grey aspect may be seen for long distances in many 
parts of the escarpment of the Sgirr. The breccia below, com- 
posed largely of non-voleanic material, is a local accumulation, 
which is seen at this place for a length of perhaps 50 yards. 
Moreover, I shall offer reasons for believing that it is interbedded 
in the basalt-group, and therefore does not follow the irregular 
base of the pitchstone. 


The locality has sufficient interest to merit a more particular 
description. It is clearly the same as that which was visited by 
Macculloch, Miller, and others; and the fossil wood preserved in 
various collections has doubtless come from this place. Despite 


Fig. 5.—WSection at the southern base of the pitchstone, about a quarter 
of a mile west of the eastward termination of the ridge. 


P=Base of fresh columnar pitchstone. 
X=Breeciated and decayed pitchstone, enclosing blocks of the fresh 
rock and rare pieces of other rocks. 
Z=Breccia, with blocks and fragments of foreign rocks. 
W =Large log of fossil wood. 
S= Horizon of sandstone and plant-bed seen farther east. 
B=Basalt-series below. 


Hugh Miller’s allusion to a ‘ prostrate forest ’ underlying the pitch- 
stone, I cannot learn from the published accounts, from the inform- 
ation of residents, or from personal search, that wood has ever been 
discovered under the Sgurr, except at this place ; and the large pieces 
of pine which have been obtained at different times may very possibly 
be portions of a single tree. ‘To exhibit the relations of the rocks, 
as well as to procure good specimens of the wood, some work 
with pickaxe and spade is necessary. Excavations have been made 
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under my eye on two occasions, once in the presence of Dr. Peach ; 
and Mr. D. Tait, who visited the place to collect for the Geological 
Survey, has also furnished me with some notes to supplement 
my own. 

“The base of the fresh columnar pitchstone, forming the roof of 
the recess or gallery, has, as usual, an inward dip, although the 
general inclination of the great sheet is, in this part of the Sgurr, 
in the opposite direction. The base of the pale decomposed band 
(X in fig. 5, p. 57) has a similar dip, and the thickness of the band 
is here about 7 feet. As elsewhere, it contains, besides the blocks 
of unaltered pitchstone and felsite, some pieces of basalt, which 
become more abundant in the lowest part. In addition we find, 
what are not seen elsewhere, fragments of Torridon Sandstone and 
little pieces of fossil wood. In the lower part of the pale decom- 
posed pitchstone, but distinctly enclosed in it, occurs the main 
mass of wood (W) which has furnished the specimens of Pinites 
ciggensis. There can be no doubt that this (as well as the Torri- 
donian fragments) has been taken up from the underlying breccia 
presently to be described. Most of the wood, both in the main 
mass aud in the scattered pieces, is completely silicified, of a 
lustrous black, and often shot through with slender threads of 
white calcite; but there is some which is not silicified, being 
more or less carbonized, with a similar black lustrous aspect. 
Mr. Tait’s account is as follows :— 


‘Here a log of fossil wood lies embedded, with its length parallel with the 
length of the Sgtrr. The piece is about 5 feet long, as it now remains. 
[I subsequently saw about 8 feet exposed.—A. H.] Probably the heavier end 
of the log lies towards the east, but this could not be definitely ascertained. 
The log is about 8 inches in vertical height, and somewhat more in horizontal 
breadth: this gives it a flattened oval outline in transverse section. It is 
cracked and fissured in many directions, and pieces evidently belonging to this 
trunk are completely separated from it. That these pieces do belong to 
this trunk is seen by their similarity of texture and their orientation...... 
Numerous fragments of smaller branches occur at this level. They are often 
flattened into ribbon-shaped pieces, that lie flat on the bedding-planes. At 
places 15 to 20 yards apart the matrix in which the wood is embedded is quite 
different. In this woody layer, small angular stones are embedded. These 
stones increase in number and size downwards, and so form the underlying 
breccia exposed at the outer edge of the platform.’ 


The last sentence would imply a passage from the pale band of 
decomposed pitchstone (X) to the underlying breccia or agglome- 
rate (Z). Dr. Peach and I satisfied ourselves that there is a clear 
separation between them, although the pieces of extraneous rocks in 
the former naturally become more numerous at its junction with 
the deposit which supplied them. This deposit (Z) is of a very 
variable character. 
sizes, with a smaller proportion of matrix, which is not always of 
the same nature. Sandy or basaltic (perhaps ashy) material may 
predominate, and there may or may not be sufficient calcareous 
and ferruginous matter to make a binding cement. The fragments 
are of red sandstone and other Torridonian rocks and of basalt, 


It consists chiefly of fragments of various 


— 
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the relative proportions of these two varying, though the former 
element is always well represented. There are angular blocks of 
Torridonian sandstone up to 4 feet in diameter, besides smaller 
fragments. Some of the pieces of basalt measure from 1 to 2 feet 
in diameter, and they are mostly subangular in shape. Of more 
local distribution in a recognizable state is the soft Oolitic sand- 
stone. Pieces of this are abundant in places, generally in a 
crumbling condition, and the sandy element in the matrix of the 
deposit may be attributed to this source. Mingled with the pieces 
of Oolitic sandstone are fragments of brown wood, different from 
the black wood already mentioned. Other materials than those 
now enumerated seem to be very rare. I possess a piece of flint 
found here many years ago by Mr. C. 8. Middlemiss. 

At the spot where the section (fig. 5, p. 57) is drawn it is not 
possible to say whether any other deposit intervenes between the 
breccia with Torridoniau and other extraneous débris (Z) and the 
underlying basalts, Some 10 yards to the east, however, a bedded 
sandstone is seen lying below the breccia, or constituting the lower 
part of it (S in fig. 6, p. 60). It encloses blocks and smaller fragments 
of Torridon Sandstone and basalt like those in the breccia proper, 
but here the matrix makes up the greater part of the mass. It is 
a fine-textured grey sandstone, composed of quartz-grains, with a 
cement mainly calcareous, though basaltic material, perhaps of the 
nature of volcanic ash, also enters into its composition. The thick- 
ness seen is about 2 feet. In addition to rock-fragments, the 
sandstone encloses abundant fossil wood, and there is a band com- 
posed almost wholly of vegetable remains in the condition of lignite. 
The stratification, which was indistinguishable in the coarse breccia, 
is here very evident; and there is a general resemblance to the thin 
and inconstant stratified deposits with plant-remains intercalated 
at various horizons in the basalt-group in Skye and other parts of 
the region.! 

Sir Archibald Geikie considered the breccia to be a fluviatile deposit 
of the pitchstone-epoch, the sandstone-fragments being brought 
down by ariver from more or less distant sources, and the pine- 
wood representing a contemporaneous vegetation. This interpret- 
ation seems, however, to involve considerable difficulties. The 
high proportion of extraneous fragments as compared with the local 
basalt, the large size and angular form of some of the blocks, and 
the mingling of coarse and fine material, are all difficult to explain 
on this hypothesis. Nor is it easy to find a source for the Torri- 
donian and Jurassic rock-fragments. It must be remembered that 
the epoch of the pitchstone was long subsequent to any differ- 
ential movements of elevation and subsidence known in the region; 
and therefore the relative altitudes of the several formations were 
substantially as they are to-day. We can scarcely suppose that the 
pre-Tertiary strata were more freely exposed at the surface then 


1 See, for instance, Sir Archibald Geikie, Quart. Journ. Geol. Soc. vol. li 
(1896) pp. 341-42, 
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than now: the reverse is more probable. The white sandstones of 
: the Oolites on Kigg 


iS itself are below the 
S level of this breccia. 
iw In the cliffs of Raasay 
me and the north of Skye 


they rise higher; but 
these places are 25 or 
30 miles distant, and 
the abundance of the 
sandstone - fragments 
in the breccia, of 
which they compose 
at certain spots the 
chief element, remains 
unexplained. Of the 
red Torridonian rocks 
there are at the pre- 
sent day extensive 
exposures at altitudes 
higher than the base 
of the Sgurr; but the 
nearest is 12 miles 
distant, on Rum, and 
we can scarcely sup- 
pose angular blocks 
measuring up to 3 or 
4 feet in diameter to 
have travelled so far, 
Prof. Judd’ has re- 
marked that 


‘the characters of the 
buried conglomerate are 
suggestive of a mountain- 
ravine subject to the 
passage of violent floods 
rather than of an ordi- 
nary river-channel.’ 


50 


10 
[The letter Z indicates the place where the preceding section is taken, at right angles to the present one. } 
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Brecciated and decayed pitchstone, as in preceding figure. 
Sandstone, with remains of contemporaneous vegetation. 


Breccia, with foreign fragments. 
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To the present writer 
it seems to resemble 
more closely a vol- 
canic agglomerate, 
partly rearranged by 
water-action. 

In the volcanic 
agglomerates of the 
> Inner Hebrides it is 

a common experience 
to find, mingled with the basaltic material, fragments of pre- 


* Quart. Journ. Geol. Soe. vol. xxx (1874) p. 267. 


crushed and unaltered. 


Fresh columnar pitchstone. 


Fig. 6.—Seetion (about 40 yards) along the base of the pitchstone-escarpment, at the same locality as fi 
P'= Actual base of pitchstone, where it remains locally un- 
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Tertiary rocks brought up from below by explosive action, and 
these sometimes exceed the basalt itself in amount. In the present 
case, the non-volcanic fragments that occur are such as might be 
expected. The Oolitic sandstones underlie the basalt-group probably 
a little below sea-level at this place, and below that we should 
confidently expect a good thickness of Torridonian strata. The 
occasional presence of flint, suggesting the presence of concealed 
Cretaceous rocks, is of some interest ; for, on the coast some 2 miles 
to the north, Mr. Tait has detected an exposure of Cretaceous saud- 
stone containing flints. The larger blocks in the breccia show no 
sign of arrangement by water-action, and the manner in which 
fragments of a given rock tend to cluster in one place is much more 
characteristic of a volcanic agglomerate than of a fluviatile deposit. 
Most significant of all is the fact that here, as at Bidein Boidheach, 
fragments of the strong dolerites are wholly wanting. This ean 
only be interpreted as showing that the accumulation, whatever its 
nature, is older than the dolerite-sills, and belongs to the basalt- 
group, not to the epoch of the pitchstone. The visible relations at 
this place are scarcely sufficient in themselves to determine whether 
the deposit in question is interstratified in the basalt-group or 
behaves with the overlying pitchstone; but it is certain that no 
corresponding breccia is to be seen at the base of the pitchstone on 
the opposite side of the ridge. If, as the above evidence would 
indicate, this fragmental deposit is interstratified in the basalt- 
group, it should be found on the north side at some distance below 
the base of the pitchstone, unless it has died out in the interval. I 
sought it at this place without success. Dr. Peach, however, 
detected signs of it on the north side of the Gualainn, or shoulder, 
which forms the eastward prolongation of the Sgurr ridge. Here, 
at the proper horizon but not elsewhere, are found on the surface 
many small pieces of Torridonian sandstone mingled with the 
fragments of basalt. These probably mark the occurrence of the 
breccia at this place, but some excayation would be required to test 
this point. 

On the river-gravel hypothesis the deposit should occur, if at all, 
on the opposite (southern) side of the Gualainn ; and Sir Archibald 
Geikie recorded an outlier of it here, resting against the denuded 
edges of the basalts, the stones being much more rounded and smooth 
than in the former locality.!. Repeated search has not enabled me to 
verify this occurrence. The only fragmental accumulation to be 
seen here is one of Glacial origin. It consists of dolerites and 
basalts, with some quartz-porphyry and other foreign rocks, but 
without Torridon Sandstone. These rocks occur as pebbles and 
boulders up to a foot or more in diameter, more or less rounded, but 
frequently planed, and sometimes showing well-marked striation. 


A distinct but related question is that of the true age of the 
fossil wood. Sir Archibald Geikie regarded it as the remains of 


1 Quart. Journ. Geol. Soc. vol. xxyii (1871) pp. 3807-808. 
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contemporancous vegetation swept down by a river of the pitchstone- 
epoch and entombed in a river-gravel. On the interpretation put 
forward in the present communication the question, how far the 
wood is contemporaneous, how far derived in a fossil state from 
older formations, is of secondary importance, but has a certain 
interest of its own. ‘Tertiary wood and coal, entangled even in 
coarse volcanic agglomerates, are not uncommon in Skye and Canna,’ 
and the Eigg wood may conceivably have a like mode of occurrence. 
On the other hand, it is quite possible that fossil wood might be 
derivative in the same sense as the fragments of sandstone with 
which it is associated. Examining the question on the ground, 
[ inclined to this view so far as regards the greater part of the 
wood; and various considerations go to support this opinion. 

It is to be noticed that three distinct kinds of fossil wood have 
been mentioned above as occurring at this place :— 


(a) the black, mostly silicified, Pinites eiggensis, embedded in the decomposed 
base of the pitchstone as well as in the breccia, but evidently derived from the 
latter source ; 

(b) the fragments of brown wood (Araucaroxylon, as noted below, p. 63) 
associated with pieces of Oolitic sandstone in the breccia ; and 

(c) the wood associated with the sandstone of the breccia-horizon, and partly 
oceurring as a regular bed in that deposit. 


The last is manifestly contemporaneous with its matrix, and 
therefore of Eocene age; but concerning the other two kinds of 
wood the two alternative explanations may be entertained. 

As regards the Pinites, Mr. Seward informs me that it is 
impossible to decide, from botanical evidence, whether it is of 
Jurassic or of Tertiary age. The state of preservation, however, is 
perhaps significant; for British Tertiary wood is not in general 
silicified, while that of Jurassic age frequently is. Wood is found 
in place in the white Oolitic sandstones on Kigg itself. At Camas 
Sgiotaig, a small bay near Laig, famous for its ‘musical sand,’ it 
occurs in two varieties, as represented by Mr. Tait’s collection: 
(a) black and perfectly silicified; (6) brown and ligneous, the 
resemblance to the two corresponding varieties from beneath the 
Sgurr amounting (to the eye) t¢@absolute identity. It might perhaps 
be suggested that the big log enclosed in the decayed pitchstone 
derived its silica from the decomposition of that rock, and it is true 
that the brecciated and decayed mass in this place sometimes 
contains siliceous veins, like flint. But the character of the fracture 
seen on the detached branches and the places where they have been 
broken from the trunk is such as to suggest that the wood was 
silicified before it was broken up. Neither Mr. Tait nor myself 
could find any adherent matrix other than that in which the wood 
now lies. Nevertheless, the association of this kind of wood with: 
that next to be noticed, both here and at Camas Sgiotaig, leads us 


' An interesting early reeord is that in the old ‘ Statistical Account,’ vol. xvii 
(1794) p. 293, of a log of wood embedded in the coarse agglomerate of Alman, 
on the eastern coast of Canna. 
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to group the two together as probably having the same origin and 
age. 

The fragments of brown wood mingled with sandstone-débris in 
the breccia lie, as a rule, quite detached in the general matrix; but 
in one or two cases I thought, without being certain, that they were 
partly embedded in the crumbling sandstone-fragments. Moreover, 
one piece of wood, selected for slicing, shows the unmistakable 
white sandstone actually embedded in the substance of the wood, 
as if filling a hollow made by decay. This conclusion, in which 
Mr. Seward concurs, would imply that the fragments of wood have 
been derived, together with the sandstone, from Oolitic strata in 
place, and are of that age. 

Mr. A. C. Seward, F.R.S., has had the kindness to examine thin 
slices of this fossil wood, and I am permitted to quote here the 
notes which he has drawn up. 


Brown wood from the Great Estuarine Sandstone of 
Camas Sgiotaig, Higg. 

‘Imperfectly preserved coniferous wood. The material is not sufficiently 
good to enable one to determine the nature of the plant with any certainty ; 
it is indubitably a Conifer, and from its arrangement of pits on the radial walls 
of the tracheids I think that itis probably referable to the genus Araucaroxylon. 
This generic type includes Araucaria and Agathis, the two surviving repre- 
sentatives of the Araucariex, and numerous fossil species. I think it most 
probable that the wood is of Jurassic age.’ 


Brown wood from breccia below the pitchstone of 
the Sgirr of Higg (Z in fig. 5, p. 57). 


‘In one specimen the wood contains an included patch of rock which was 
I believe, introduced during the decay of the tissue. The rock and wood are, I 
believe, contemporaneous. ‘The generic identification is very difficult, not to 
say impossible, owing to the lack of well-preserved material. The characters 
do not agree with those of Pinztes ecggensis, as represented by the well-preserved 
specimens in the British Museum (Natural History). Similar characters are 
shown in two other sections.’ 


[Another specimen. | 


‘Preservation very poor; but, from the occurrence of multiseriate and 
contiguous bordered pits on some of the tracheal walls, the wood appears to be 
Araucaroxylon, This type exists in Paleozoic rocks, it occurs in the Mesozoic 
and Tertiary formations, and is characteristic of the recent Araucariee.’ 


Conclusion. 


‘The wood from Camas Sgiotaig may be generically identical with some of 
the material from the Sgtrr of Eigg: both show Araucarian characters. As 
regards age, my impression is that the evidence favours a Jurassic rather than 
a Tertiary horizon. ‘The reasons in favour of tbis view are (i) the fact that 
Araucarian wood is very abundant in Jurassic rocks (for example, the Liassic 
rocks of Whitby, where this type of wood appears to have been mainly 
responsible for the production of jet; Araucarian plants also occur in some 
abundance in Inferior Oolite rocks); (ii) the nature of the material, which is 
more like that known to occur in Jurassic than in Tertiary strata.’ 


1 (Mr. Seward was apparently not aware that these specimens had been 
collected (by Mr. Tait) from Jurassic strata im si¢w, a circumstance which adds 
weight to his following conclusions.—A. 7. | 
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LY. Conctuping CoNnsiDERATIONS. 


The question of the true relations of the pitchstone of the Sgurr 
has been discussed above in the light of such direct evidence as can 
be adduced. Other considerations, which may legitimately find a 
place here, arise when we regard the petrographical characters of 
the pitchstone and its probable place in the long sequence of British 
Tertiary igneous rocks. 

The pitchstone itself has been described by Prof. Judd,’ and 
analysed by Mr. Barker North. The analysis, reproduced in 
column I (below), proves that it is of subacid composition, and not 
essentially different from some of the Arran rocks. Pitchstones, 
rhyolitic, trachytic, and dacitic, referred to the Tertiary suite, occur 
as sills and dykes in Arran, Ardnamurchan, Kigg, Rum, and Skye, 
and in Counties Down and Donegal. There are also, in Arran, 
Figg, and elsewhere, rocks of the same general characters but 
devitrified, and these are often intimately associated with the glassy 
varieties. Most of these occurrences are of small dimensions, but 
the sheet of devitrified pitchstone which forms the upper parts of 
Ashval and Sgutrr-nan-Gillean, in the Isle of Rum, exceeds in extent 
and thickness the pitchstone of the Sgurr of Higg. This Rum 
occurrence and one or two others belong to an earlier epoch of 
the hypabyssal phase; but all the rest are to be assigned to the 
very latest manifestations of igneous action in the British area. 
Wherever evidence is obtainable, these rocks are clearly intrusive. 


1, II. Ii, 

SiO so sete aes 65°81 63°34 66°08 
Als Ole. teeroas net 14:01 ae 12°55 
FesOus. Gissavansas 4:45 2°75 
Mic ieee ce eeeer 0-89 2°33 
CaO! Miadeees ate 201 2°80 
INO) rensenen on ce- ALD 4:56 5:02 
Ke Ogee eee 6:08 4:50 418 
Loss on ignition... 2°70 sins 4:20 
100:08 99°81 


I. Porphyritic pitchstone, Sgirr of Higg: anal. Barker North, Quart 
Journ. Geol. Soe. vol. xlvi (1890) p. 879. i 
I. The same: partial analysis by Dr. W. Pollard. 
If. Pitchstone, formore, Arran: anal. M. M. Tait, Bryce’s ‘ Geology of 
Arran & Clydesdale’ 3rd ed. (1865) p. 185. ; 


The only case (omitting the Sgurr of Eigg) in which this state- 
ment is not one of common agreement is that of Beinn’ Hiant in 
Ardnamurchan. The sheets of andesite and pitchstone which form 
that hill were regarded by Prof. Judd? as lava-flows, but Sir 
Archibald Geikie® has given good reasons for treating them as — 
intrusive sills. The rock of the Sgurr of Eigg, then, if an intrusive 


* Quart. Journ, Geol. Soe, vol. xlvi (1890) p. 380 
* Ibid. pp. 873-76. us 


* Trans. Roy. Soc. Edin. vol, xxxy (1888-90) pp. 118-19, 
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sheet, falls naturally into its place as a member of this group of 
intrusions, with which it has much in common. It further resem- 
bles the rest in the absence of steam-vesicles, a negative character 
which is not easily reconcilable with a glassy subaérial lava con- 
taining 2°7 per cent. of water. The irregularly undulating lower 
surface of the sheet also agrees with what is seen in many other 
members of the group which have assumed the stratiform habit. 
Indeed, it is very noticeable that the remarkable regularity observable 
in the basic sills of the region is rarely realized in the sheet-formed 
intrusions of more acid rocks, 

The history of Tertiary igneous activity within the British area 
is, in its main divisions, a simple one. Setting aside the Sgirr 
of Kigg, all the superficial volcanic manifestations, including the 
general outpouring of basic lavas and the more yaried local out- 
bursts at certain centres, were comprised within the earlier portion 
of the time. Later, the various groups of plutonic rocks—ultra- 
basic, basic, and acid—-were intruded inorder. Later still came the 
long succession of minor intrusions—sills and dykes—embracing 
numerous episodes, and doubtless representing a prolonged lapse of 
time. This general sequence of events in a complete cycle of igneous 
activity may be paralleled in various other regions. It the pitch- 
stone of the Sgurr of Eigg, belonging to the very latest epoch, is 
held to represent a belated volcanic outpouring, it must stand as a 
unique exception. Without setting up such considerations against 
direct evidence, we may welcome any well-grounded interpretation 
which brings the apparent anomaly into harmony with what seems 
to be a significant law. 


One other point remains to be noticed in conclusion. ‘The 
picture of the pitchstone-lava of the Sgurr filling an old river-valley 
has excited general interest, chiefly as affording a striking monument 
of erosion, Now, the unequivocal proof of enormous erosion which 
meets the eye in every part of the Inner Hebrides is, on any 
reading of the phenomena, sufficiently impressive. Such sections 
as that of Beinn Mor in Mull prove that, in some parts of the 
region at least, the alternations of basalts and dolerites have had 
an aggregate thickness of more than 3000 feet. Assuming, as is 
generally supposed, that sill-intrusions can be formed only under a 
considerable cover, the alternating succession must have been 
capped originally by some thickness of basalt-lavas free from sills, 
adding perhaps another thousand feet to the total. Comparing 
this with the existing relief and geological constitution of the isles, 
we see reason to allow extraordinary activity to the agents of 
erosion in this region. In some parts, as on Rum and over about 
one-half of Skye, the great thickness of basic rocks has been 
entirely remoyed, and the plutonic masses, which in a general 
sense underlay them, have been left standing out to heights of 
2500 and 3000 feet. This indicates a vertical erosion amounting, 
in some places and over considerable areas, to perhaps 5000 feet. 
The actual removal of material has, however, been vastly greater 
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than that implied in this laying bare of the deeper rocks. In the 
precipitous sea-cliffs of Mull, Eigg, Canna, and the northern and 
western coasts of Skye, the truncated edges of the basalts and 
dolerites are exposed in sections 500 to 900 feet high. It is clear 
that the horizontal extension of the rocks has once been far wider 
than the present land-surface ; and it is highly probable that the 
stratiform basic rocks of the several islands, now divided by 
soundings of 50 to 100 fathoms, are merely relics of one continuous 
tract. Faulting and differential subsidence have played an 
important part in producing the actual map of these western isles ; 
but we know of no such movements later than a somewhat early 
epoch in the phase of minor intrusions, and a truly surprising work 
must be credited to the co-operation of subaérial and marine erosion, 
perhaps with some assistance from ice.’ The basaltic lavas being 
of subaérial outpouring, their destruction must have begun as soon 
as they were formed; and the upper flows, without the protection 
of dolerite-sills, might be destroyed with comparative rapidity ; 
but it is none the less manifest that by far the greater part of the 
erosion was accomplished subsequently. It was not only later 
than the sills, but later than all the basic dykes, which occur up to 
the highest summits: that is, it was subsequent to the cessation 
of igneous activity. On the other hand, it was practically com- 
plete, except in the higher mountains and possibly in some of the 
sounds, before the advent of Glacial conditions. Between these 
limits we have to find scope for the agents of erosion to accomplish 
their work; and, even with all allowance for the land standing 
then at a higher elevation than now above sea-level, the results are 
not a little surprising. 

Bearing these considerations in mind, we see that the lava-flow 
hypothesis of the Sgurr of Eigg confronts us with very great 
difficulties. It takes this small area quite out of relation with 
the rest of the region, and demands for it a chronology irreconcilable 
with that deduced elsewhere. The valley-bottom, now the highest 
ground on the island, appears thus as a relic of a vanished 
topography, of which we have no other trace. The carving out of 
such a valley, down to within 600 feet of the base of the basalts 
implies a remarkable amount of erosion, which must be compressed 
within extremely narrow time-limits. For, by the same reasoning 
as before, it must have been in the main subsequent to the intrusion 
of the dolerite-sills and dykes, and, ex hypothesi, it was completed 
prior to the pitchstone-epoch. The greater part of the work must 
in this case have been accomplished in a small fraction of the time 
covered by the phase of minor intrusions. Nor can we evade the 
difficulty by supposing the pitchstone of the Sgirr to represent an 
isolated episode, of much later date than all other igneous rocks in 
the region; for the evidence of immense erosion subsequent to 


* The soundings on the Admiralty-Charts indicate well-marked basins in 
numerous places. Good examples occur in the Sounds of Raasay and 
Applecross, on either side of Raasay and Rona. = 
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that date is as clear here as elsewhere. It includes the removal of 
the greater part of the then existing mass of Higg, leaving the 
valley exalted toasummit-ridge. It includes perhaps the separation 
of this island from Oigh-sgeir (Hyskeir), 18 miles to the west, now 
divided by a sea 40 to 50 fathoms deep. On the lava-flow hypothesis 
it certainly includes the cutting back of the coast of Higg for miles, 
until the cliffs truncated the valley at an altitude of more than 
500 feet above the present sea-level.!. If the pitchstone of the 
Sgurr of Eigg is an intrusive sheet, this dilemma vanishes with the 
other difficulties which have been pointed out above; and, in its 
erosion as in other respects, Eige is brought into correlation with 
other parts of the region to which it belongs. 


EXPLANATION OF PLATES III & IV. 


Prats III. 


The Sgurr of Higg, from a photograph by Mr. A, 8. Reid. 
See key, fig. 3, p. 46. 


Puate LV. 


Bidein Boidheach, Isle of Eigg, from a photograph by Mr, A, S. Reid. 
See key, fig. 4, p. 53. 


Discussion. 


The Prusipent said he was sure that, from the sentimental point 
of view, the feeling of the Fellows was one of regret that doubts 
should be cast upon an explanation of phenomena which had long 
been dear to all geologists. 

Sir ARcHIBALD GeErkip said that, owing to the lateness of the 
hour, it was not possible for him to criticize the paper in detail, 
but he hoped to have an opportunity of doing so after it had been 
published. He would have been glad to go over the ground with 
the Author and discuss the points in dispute on the spot, but he 
only heard of the Author’s views late in the summer, when it was 
no longer possible for him to return to the Western Isles. None 
of the points raised in the paper seemed to the speaker to be 
incapable of explanation in accordance with the interpretation of 
the Scuir which he had himself proposed many years ago. It 
appeared to him that the Author had very greatly exaggerated the 
proportion of sills among the plateau-basalts. It was difficult to 
conceive the physical possibility of these basalts being invaded by 
such a multitude of intrusive sheets, and yet that they should show 
so little visible sign of disturbance. That there were true sills in the 
district was well known, but the Author seemed to have somehow 
come to the conclusion that every columnar sheet must be a sill. 


' Reckoned from the sea-level at the epoch of the great erosion, the 
altitude would doubtless be considerably greater, 
F2 
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The speaker, on the éontrary, believed that a large proportion of 
these columnar sheets were as true lava-flows as the amygdaloidal 
basalts with which they so regularly and abundantly alternated. 

The same tendency to see sills everywhere had apparently led 
the Author to frame his theory of the Scuir. Sills were commonly 
supposed to have forced their way along the planes of least resist- 
ance, as for instance between the bedding; but the pitchstone of 
the Scuir, instead of inserting itself between the nearly-level sheets 
of basalt, had filled up a hollow in these rocks, which, if not there 
before the intrusion, must have been ploughed out by the intrusive 
mass— an operation which would require a good deal of explanation. 
But that this hollow did exist before the advent of the pitchstone 
scemed to the speaker to be demonstrated by the section shown in 
the vertical cliff at the western end of the ridge. The pitchstone was 
there distinctly seen resting in the hollow, the bottom of which was 
occupied by a mass of coarse shingle or conglomerate. The hollow 
and the detrital material filling it had a close parallel in a remark- 
able section, which the speaker had described from the neighbouring 
island of Canna, where a gully with vertical walls had, during the 
volcanic period, been eroded out of the bedded basalts and had been 
buried under succeeding outflows. The Author asserted that the 
mass at the western end of the Scuir was a volcanic agglomerate, but 
he adduced no evidence in support of that assertion. Any ordinary 
volcanic neck would have descended vertically through the rocks 
below, but the basalts underlie the Scuir conglomerate, and preserve. 
their unbroken regularity along the face of the cliff. In like 
manner, in Canna the gully referred to shows its shingle lying upon 
a flat unbroken pavement of basalt. It is manifestly the buried 
gorge of a watercourse, and the speaker held that the same expla- 
nation applied to the similar structure at the Scuir of Higg. 

The supposition that the pitchstone is a sill raises some insuper- 
able difficulties. The rock consists not of one continuous mass, but 
of a series of layers or beds, superposed one upon the other. According 
to the Author, the original glassy pitchstone has been invaded by a 
number of sheets of pale felsite. He offered, however,no explanation 
of how these sheets could be supposed to have split up the original 
solid sill by insinuating themselves, not between the columns, but. 
across them, in a direction along which it might have been supposed. 
that they would meet the greatest obstacle to their progress. These 
felsites resemblé the brecciated bottom of the main pitchstone, like 
which they were regarded by the speaker as parts of a succession of 
flows which filled up a long and wide hollow worn by erosion out 
of the plateau-basalts. 

The Author of the paper seemed disposed to minimize the amount 
of denudation during the voleanic period. The speaker, on the other» 
hand, believed that it must have been large, and he referred in. 
proof to the evidence of erosion and widespread accumulation of 
waterworn shingle to be seen in Canna and elsewhere. In con- 
clusion, he submitted that, while he was ready to abandon his 
published conclusions when they were shown to be erroneous, much 
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better evidence must be adduced against them than had been laid 
before the Society that evening. 

The AvrHor, in acknowledging Sir Archibald Geikie’s criticisms, 
echoed his regret that a joint visit to the locality had not been 
found practicable. 

He was not to be understood as denying that the ordinary pro- 
cesses of erosion went on during the basalt-period. The fluviatile 
conglomerates interealated in the succession were evidence of con- 
temporaneous erosion, although it is probable that these derived 
much of their material from the volcanic agglomerates rather than 
from the lavas. 

The intrusive nature of the dolerites had been deduced from the 
various direct criteria mentioned in the paper, the generalization 
that the vertical jointing is a characteristic of this intrusive group 
being a consequent conclusion. 
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5. The Coast-Levexs in the Sovra-Wesr of the Carn Conony. By 
Prof. Ernesr H. L. Scuwarz, A.R.C.S., F.G.8., Rhodes 
University College, Grahamstown, South Africa. (Read 
November 8th, 1905.) 


‘ux subject of continental ledges has recently been brought into 
prominence in Europe and America by Prof. Hull, Prof. J. W. Spencer, 
and others; it is one in which attention to details has revealed 
many surprising results, which have modified our conception of the 
relation of land to sea, with the host of cognate problems. I 
offer the present contribution on the same subject, with the object 
of further emphasizing the importance of such investigations ; for 
in South Africa we have the same set of phenomena, although we 
are able to study the movement in quite a different phase from that 
in which we find it in Europe and along the eastern coast of North 
America. 

The writings of the above-mentioned authors, together with 
those of Prof. J. Geikie, Prof, A. Issel, and Prof. W. C. Brogger, 
have made the subject so familiar of recent years, that I need 
not enter into a discussion of the general principles involved. 
Suffice it to say that, as the land rises, there are set-backs which 
allow the wash of the breakers to cut level plateaux of marine 
denudation ; when a maximum elevation is reached, the land 
sinks and these ledges or fringing plateaux can be traced in the 
soundings set down on charts of the coast. In Europe, the first 
to draw attention to the subject were Godwin-Austen! and De la 
Beche*; and since then, the surveys for the submarine cables have 
furnished the information for a very complete statement of the 
occurrence in the North Atlantic. 


In the following pages I will set forth what evidence we have 
along the southern coast of Cape Colony for the existence of these 
fringing plateaux, and then at the end compare them with the 
European and American ledges. 

The most striking of the coastal plateaux is that rising from 
600 to 800 feet above sea-level, which extends from Caledon to 
Port Elizabeth. In the west it is cut in Bokkeveld (Devonian) 
Slates, with here and there inliers of sandstone that rise from the 
plain in the form of hills. To the eye of a casual traveller there is 
very little evidence of a plain in this country ; for there is a perfect 
labyrinth of steep-sided gorges, which cut the land into narrow 
ridges, or ruggens, as they are called in Dutch. If the observer, 
however, climbs on to an eminence and looks across the valleys, he 
notices that all the ridge-tops are cut to a level which slopes gently 
(845) Bir of the English Channel’ Quart. Journ. Geol. Soc. vol. vi 

* «Geological Observer’ 2nd ed. (1853) pp. 90-91. 
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to the sea. The same thing is noticed in travelling: for the road 
that has to be followed, in order to get from one place to another, 
usually describes an immense circuit, but all on the level; whereas 
to go straight would necessitate climbing up and down a succession 
of very steep hills. 

_ The plain, or the tops of the ridges which now represent the plain, 
in the western part, is in places covered with surface-deposits. 
Near the mountains there are heaps of great, rounded, water- 
worn boulders, often cemented together in a siliceous matrix; 
farther away we find gravels with pebbles of all sizes, either loose, 
or cemented by silica or compounds of iron; still farther away 
there are sandy clays, which, according to circumstances, harden on 
the surface to an ironstone, or to a siliceous rock—burrstone, or 
freshwater quartzite. 


Fig. 1.—Ironstone-gravel forming beneath ihe sour soil of the 
Uplands plateau, seen in a railway-cutting south of George Town. 
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A=Quartz-vein traversing the rotten granite, G; B=layer of subangular 
fragments of yein-quartz; C=sand, cemented into a granular mass by 
hydrated oxides of iron; D=grey sandy soil; HE=humus. 


{Compare the description of ironstone found beneath the sandy soil of 
Wolmer Forest, in Gilbert White's ‘Natural History of Selborne’ letter iv, 
1st series. | 


To the east—or, to be precise, from George Town to Port Elizabeth 
—the plateau-form becomes much more prominent; the rock out of 
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which’ it is cut is mostly Table-Mountain Sandstone or granite, 
and both of these are far more resistant to the action of weathering 
agencies than the clay-slates of the Devonian Bokkeveld Series. 
Very deep gorges do traverse the plateau here, but they run straight 
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STORMS RIVER VILLAGE. 


down to the sea from the mountains, and such water as falls 
upon the plateau sinks in to fertilize the soil, and drains away 
through the cracks and joints of the rock. 

The character of the vegetation is very different on the plateau east 
and west of George Town. In the ruggens-country there is very 
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little soil on the hills, the bare rock in most cases showing through. 
The bushes were originally the woody Karroo-bushes, whien force 
their roots down in the crevices formed by surface-expansion and 
contraction, and the necessary soil exists only in these small 
fissures ; a useless, imported, rhenoster-bush, however, is dis- 
placing "the natural vegetation, to the great detriment of the 
country. In the east, “the vegetation grows on a thick, sandy 
soil, and consists of grasses, sedge. like plants, proteas, heaths, 
and many of the beautiful Cape-iris family. The ruggens-veld is 
sweet veld, but the heath-country is sour. 

Beneath the sand on the sour veld there commonly forms an 
ironstone, due to the action of water dissolving out iron-compounds 
from the rocks, and this shuts off the roots of the plants from the 
substratum of rock ; where this is granite, which contains the finest 
mineral foods for plants, such as lime, phosphates, and potash, 
the surface-vegetation is as poor as that on the Table-Mountain 
Sandstone, which is made up of pure silica with scarcely a trace 
of argillaceous matter. If, by any chance, the soil is removed from 
off the ironstone-gravel, the latter hardens on exposure to a massive 
bank of ironstone; it is then what is sometimes called laterite, 
although there is no alumina to render the application of the term 
strictly correct. 

The deposits on this coastal plateau have given rise to much 
controversy, and their nature seemed so essentially that of river- 
deposits, that for a long time the plain was thought to be a base- 
level of river-erosion. In Komgha, in the extreme east of the 
Colony, some of the freshwater quartzite was found to contain 
seeds of Chara, thus pointing to the fact that the deposit was 
formed in fresh water. But it does not necessarily follow in this 
particular case, because the deposit on the plain is evidently fresh- 
water, that consequently the plain itself must have been cut by 
river-action; for Mr. W. Anderson * has recorded Chara-seeds in a 
deposit on the shores of a lagoon on the Zululand coast, which lies 
evidently on a plain of marine denudation that has just emerged 
from the surface of the ocean. 

In Caledon and Swellendam, where the width of the plateau is 
some 15 or 20 miles, and the seaward end shut off by a series of 
outstanding hills, the problem is complicated ; but, standing on the 
top of a peak of the Zitzikamma Mountains, and surveying the ledge 
at one’s feet, which is only some 3 or 4 miles broad, it seems 
impossible that rivers coursing down from the mountains could, in 
so short a distance, acquire that sluggishness and lack of velocity 
which would be required to enable them to cut their channels 
sideways, and level the rugged country. There is no possibility of 
invoking a different cause for the levelling in the two places, for the 
same plateau is continuous, right away from the western end of 
Caledon to the town of Port Elizabeth ; the same level, the same 
gradient of fall from the mountains to the sea, the same general 


1 2nd Rep. Geol. Sury. Natal & Zululand, London, 1904, p. 51. 
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nature of the deposits, are found on the ledge from east to west, 
and an explanation of its formation in one part must hold good for 
the whole, As I think that we have evidence for ruling out the 
possibility of river-erosion as a cause for the cutting of the ledge in 
the Zitzikamma, so must we abandon the theory of the ruggens- 
plateau being a peneplain. 

Another plateau, commencing on the east of Port Elizabeth, and 
beginning at the sea-front with an elevation of some 150 to 200 feet, 
is covered with undoubted marine shingle: it rises to 400 feet, 
and at the base of the next plateau it is 460 feet above tide- 
level, All over the plain there are these coarse boulder-beds, 
sometimes associated with shell-deposits characterized by a large 
Pectuncuius. Most of the shells are of species living on the coast 
at the present day, but the larger forms are now found only 
along the Natal coast. On the top of the plateau and in the 
surface-gravels, is a circular depression called the Groot Pan or 
Zwartkop’s Saltpan; it annually fills with rain-water, which on 
evaporation throws down salt of great purity, 100,000 bushels 
being extracted yearly. I do not think we can say that this salt- 
pan, by itself, is an argument in favour of the marine origin of 
the plateau; though the simplest explanation of the occurrence 
would be that the salt results from the leaching-out of the eva- 
porated sea-water that was held up in between the boulders as the 
beach rose above sea-level. The enormous amount held up in the 
pan is the puzzling feature; for the apparently-inexhaustible supply 
would seem to necessitate a soil impregnated with salt in the 
neighbourhood, yet the dense bush of prickly plants, aloes, 
euphorbias, mimosas, scutias, etc., grows up almost to the water’s 
edge. The saltpans in Bredasdorp and at Bethelsdorp, nearly at 
sea-level, seem also to receive an adequate explanation on the 
theory that they are the result of sea-water evaporated and 
impregnating the neighbouring soil; but one can hardly so explain 
the saltpans, at Prieska, for instance, which are hundreds of miles 
away from the coast. 


In stating that there was no break from east to west in the 
Uplands plateau, I spoke of the land as we have reconstructed it ; for 
nowadays there are many gaps, caused by the inclusion of immense 
deposits of loose Cretaceous rocks, which have readily yielded to the 
impetuous torrents that coursed over the plateau. These deposits, 
which we term Uitenhage Beds, are made up of a basement- 
series of gravels known as the Enon Conglomerate, and of 
sands, clays, and marls, characterized by Veniopteris and Olado- 
philebis denticulata, They once covered a very much greater extent 
than they do at present, but after their deposition some extraordinary 
cross-folding took place, which let them down in hollows in the older 
rocks upon which they had been lying; the basins in which they are 
now found are bounded by steep walls, sometimes a buried fault- 
face, sometimes a very steep fold, and are entirely closed. During 
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the levelling process all trace of the Cretaceous deposits was removed, 
except in these hollows, where the unbroken rim of the more consoli- 
dated, older rocks protected them. When the plateau was raised, 
these Uitenhage Beds exhibited the same levelled surface as the 
rest of the rocks, and recent gravels were deposited upon them ; but 
the enormous powers of downward erosion which the rivers now 
acquired, attacked these loosely-made rocks and carried them away 
to the sea: hence there are wide, open basins on the plateau 
wherever the Cretaceous deposits occur. 


As regards the recent deposits found on many of the ridges of 
the Ruggens, I think that the greater part of them are formed 
im situ—that is to say, before the country was cut up into these 
ridges, there were extensive plateaux covered with thick sandy soil, 
such as we now see is the case to the east in Knysna, on the same 
plateau, though on a harder substratum of rock. Water percolating 
through this soil would form the ironstone-gravel by cementing 
the sand-grains with hydrated iron compounds, and the surface- 
quartzite could be formed in the same way by the deposition of 
silica, 

In Uniondale I have seen the process of formation of the burr- 
stone going on, The plateau there has been cut, very thick deposits 
of clayey sand have been piled upon it, and the gradual hardening 
upwards, till the surface is glassy quartzite, can be studied.’ Gravel 
does exist on the ridges, and this cannot, except within very narrow 
limits, be explained in a similar manner: when a hard reef projects 
above the general level of the plateau (for instance, a quartz-vein 
through granite), fragments, apparently waterworn, of the same 
material are found in the loose sandy soil in the neighbourhood ; 
but they have never been noticed actually to form gravelly deposits 
(see fig. 1, p. 71). Yet gravel is not formed by river-action alone : 
beaches are as common as river-gravels ; and Godwin-Austen as 
long ago as 1849 recorded shingle on the English platform at from 
80 to 100 fathoms below the surface of the water. 


Behind the mountains, we find the remains of plateaux cut in 
various rock-systems, resembling the Uplands plateau in certain 
features, only they are of considerably greater elevation. They are 
covered with surface-quartzite, ironstone-gravel, and shingle, 
exactly as in the coast-plateau. After studying both, I am unable 
to distinguish the two deposits one from the other, and yet I 
see as complete evidence for ruling out the action of waves from 
the explanation of these inland plateaux, as I see for abandoning 
the action of running water in explaining the formation of the 
coast-ledge. We are not directly concerned with these inland 
plateaux in the present paper; they were described in the memoir 
on the ‘ High-Level Gravels of the Cape, &c.’ referred to above. 


1 See photograph in ‘High-Level Gravels of the Cape, &e.’ Trans. Phil. Soc 
8. A. vol. xv (1904) pt. 2, pl. iii. 
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In Bredasdorp and Riversdale there is an immense accumulation 
of blown sand on the coast. The dunes rise to 600 and 800 fect 
above sea-level, and rest upon shelves of varying heights. In 
Bredasdorp, near Cape Infanta, the base is seen some 100 feet 
above sea-level, and is composed of hard quartzites ; to the west, 
however, the base goes below sea-level.' In Riversdale the base 
seems to have been generally only a few feet above sea-level, and 
the strata consist of exactly the same rocks as those which go to 
form the ruggens-country behind—namely, Bokkeveld Slates. 

Sand on the southern coast of South Africa is shell-sand. The 
waves throw up the valves of dead molluscs, which get rolled up and 
down by the ebb and flow of the tide, and finally are broken into 
such small fragments that the wind can carry them away. This 
sand, then, masses up in these great dunes, sections of which show 
very clearly that the whole of the deposit is wind-borne ; for the 
false bedding is so abrupt and striking, that no streams or currents 
could have produced such marked effects. ‘The angular fragments ot 
shells sometimes break down to a powdery, chalky mass; but as a 
rule the sand remains just as it was, piled up without any alteration 
except on the surface. Where rain-water can penetrate and come 
to rest, there is a process of solution and redeposition of lime 
which consolidates the sand into a rock hard enough to be used for 
building-purposes. 

The fossils found in the sand-dunes are all of recent age, the 
commonest being the snail, Cyclostoma. In the two districts with 
which we are immediately concerned, bones of the elephant, 
rhinoceros, eland, sable antelope, and large carnivores have been 
found—all species which have, since the coming of the white man, 
disappeared from this neighbourhood. 

In Riversdale and Bredasdorp the level of the top of the sand- 
dunes is very nearly the same as that of the plateau behind; there 
has been a little erosion at the junction, and a well-watered valley 
extends at the inner foot of the dunes; the rise, however, from 
the old high-level plateau to the dune-country is very slight. In 
George and Knysna there is a very similar accumulation of sand; 
only here the original bluff of the plateau, rising steeply in preci- 
pices from sea-level to 600 feet, is bare, and between it and the 
sand-dunes there is a level tract of low country occupied by the 
far-famed Knysna Lakes. I should be inclined to atttribute the 
difference between the two tracts to the direction of the prevailing 
winds. In Riversdale and Bredasdorp this would have been 
slanting with respect to the land, whereas in Knysna the winds 
blew straight from the sea. In the latter case the steep cliffs would 
have produced a back-eddy which swept the sand away from their 
base, whereas in the former the sand could be piled up against. 
them. Whatever be the explanation, the difference does exist. 


. ! See Rogers & Schwarz, ‘Notes on the Recent Limestones on Parts of the 
ee & West Coasts of Cape Colony’ Trans. Phil. Soc. 8. A, vol. x (1897-98) 
p- 427. 
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There is a further and more important difference in the Knysna 
dune-area—namely, the base upon which the sand rests is below 
sea-level. It seems at first sight strange that so loose a material as 
the sand-rock should remain consolidated when it is sunk beneath 
the water, but we have had ample proof that it does. Near Danger 
Point, the bluffs of wind-deposited sand dip steeply seawards, and 
pass beneath the tide-level; and at Cape Infanta there is a great cave 
excavated in the sand-rock, with an old beach forming the roof. 
Dr. J. C. Branner mentions that, at Fernando de Noronha, wind- 
bedded sand occurs below tide-level.' Off the George coast there 
are several ledges, separated from each other by steps of a couple of 
feet or so, made of consolidated sand-rock, the uppermost of which 
is rarely covered by the sea, so that the spray evaporates in the pools 
and yields salt; but the lower ledges are covered and uncovered 
at each ebb and flow of the tide, and the terrific surge of the 
breakers beats upon them incessantly. ‘The surface of the ledges is 
exceedingly rough, and has been formed by the rock cracking along 
intersecting joints; these become filled in with lime and form walls 
round the enclosed blocks. When exposed to the waves the softer 
interiors become eaten away, leaving the walls outstanding, and 
where two or more cracks intersect a little pinnacle is produced. 
Sometimes the cracks are very scanty and the included blocks 
correspondingly large, so that wide, shallow pools are formed, with 
low enclosing ridges; these are densely crowded with calcareous 
algee, worms, and other lime-secreting organisms, and thus the 
surface is further strengthened by a thick deposit of calcareous 
matter. 

The question arises: if the sand-rock can be so hardened, might 
these ledges not be the ordinary shore-sand hardened in situ, by 
a process similar to that which, as Dr. Branner (in the memoir just 
mentioned) maintains, built up the stone-reefs of Brazil? At the 
western end of the George sand-belt the limestone-ledges do not 
appear above tide-level; but they exist below it, as shown by the 
numerous fragments that are thrown up along the shore, yet there 
is no tendency for the beach-sand to form similar ledges. As 
certain proof exists in the caves of Cape Infanta that the sand-rock 
has at one time gone beneath sea-level, and as all sections along the 
coast where the ledges occur are favourable to the view that the 
sand-rock does pass under the sea, we can accept with confidence 
the statement that these limestone-ledges are formed of wind- 
bedded sand hardened by sea-water. 

There is a very simple explanation of this hardening. When the 
tide recedes, it leaves behind it in the pools and hollows of the 
ledges a certain amount of sea-water, which contains carbonate 
of lime in solution, in virtue of the carbonic acid which it holds; 
when the water is exposed in shallow sheets to the heat of the 
sun, the gas is driven off and the lime deposited, the process thus 
necessitating, in the first place, a more or less solid ground for the 
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2 Bull, Mus Comp. Zool. Harvard, yol. xliy (1904) p. 229. 
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water to come to rest on, and explaining at the same time how it 
is that loose sand is not similarly consolidated. At Port Elizabeth 
there is a beach-deposit cemented into what is known in South 
America as a stone-reef; this may have been formed 7 situ, 
for the sea-water, when the tide ebbs, would be retained under 
the rounded stones, and carbonate of lime deposited as the water 
became heated. 

At Hermanuspetrusfontein, on the Caledon coast, there is a well- 
marked surf-cut ledge about 50 feet above sea-level,’ which would 
correspond to the ledge of rock underlying the sand-dunes at Cape 
Infanta; while farther out, at Danger Point, the sand-dunes rest 
upon a ledge that has sunk beneath the sea. At Agulhas Point the 
ledge is just at sea-level round the lighthouse, but it is very narrow 
here. Most of these places along the coast are so inaccessible, and 
the problems with which we are concerned in this paper have 
been so recently advanced, that the exact heights of any one of 
these ledges has not been determined with any accuracy ; but the 
point which I wish to bring out is that there are more or 
less extensive ledges, admittedly surf-cut, at various 
levels above and below tide-mark along this part of 
the coast. 


The Cape Peninsula extends from Cape Point to Table Bay, and is 
a precipitous mass of sandstone resting upon a basement of pre-Cape 
rocks and granite. It is separated from the mainland by a wide 
tract of low-lying country covered with drifting sand, known as the 
Cape Flats. The sand is gradually being fixed by plantations 
of trees, and quickgrass and other creeping plants, but much of it is 
still pure, loose sand. If one bores through the sand one meets first 
with a layer of ironstone-gravel (the so-called laterite), and then 
a thickness of clayey material. derived from the weathering of the 
Malmesbury Beds, and finally the hard blue clay-slate itself. It is 
very difficult to say at what level the true rock-shelf exists under 
the sand, owing to the want of available evidence ; but I think that 
the ironstone may be said to rest upon the original surface. This, 
then, is commonly found near sea-level, taking an average, sometimes 
going below, sometimes occurring above that datum. Geologists have 
always been very chary in expressing an opinion as to the nature of 
the cause which cut this level flat ; but I see no reason for propound- 
ing a separate explanation for this particular plain, when we have 
similar ones, clearly surf-cut, all along the coast to the east. The 
laterite-, gravel-, and lignite-deposits seem to point to these having 
been formed on land, but the shingle and tree-trunks may have been 
rolled to their places by the sea, and the laterite can and does form 
in situ beneath any sandy soil. Therefore I see no hindrance, in the 
nature of the deposits found in the Cape Flats, to the acceptance of 
the agency of sea-waves in cutting the original plain. There need 
not here be any question of a strict mathematical plane: for we 


" A. W. Rogers, ‘The Geology of Cape Colony’ 1905, p. 380, 
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know that, at many places where there are shallow lakes and lagoons, 
there are hollows in the rock-shelf; but these are distributed so 
irregularly that they can offer no support to the theory that running 
water was the cause of the cutting of the Flats. 


Near Cape Point there is a raised beach about 100 feet above 
sea-level; and Mr. A. W. Rogers describes some very well-marked 
shingle-deposits on the same level on the western coast, near the Van 
Rhyn’s-Dorp area.’ At the base isa conglomerate strongly impreg- 
nated with iron-oxide; the pebbles are of all sizes up to a foot in 
diameter, and consist of a considerable variety of rocks—-sandstones, 
quartzites, schistose quartzites, granites, quartz-porphyries, vein- 
quartz, and slates. Above this layer come more or less ferru- 
ginous sandstones, which are in places silicified. In Bamboes Bay, 
3 miles south of Strandfontein, the ferruginous conglomerate passes 
upwards into sandstones, and these again into calcareous beach- 
deposits containing shells of species still living on the coast. The 
country behind the coast, at a distance of 4 miles from it, lies 
between 500 and 600 feet above sea-level. It would be very interest- 
ing to follow the surf-cut levels northwards. At Port Elizabeth and 
Uitenhage, the beach-deposits and shell-banks lie on a shelf about 
200 feet above sea-level; but this slopes gradually up to 600 feet, 
and I am inclined to reckon the 100-foot level as a substage of the 
Uplands plateau. 


We have, then, a plateau 700 feet above sea-level, and one at 
about sea-level. I will now discuss one at considerable depths 
below: this is the plateau the edge of which is known as the 
Agulhas Bank. 

Soundings off the south-western corner of South Africa soon get 
into depths of 40 to 50 fathoms; and then, out to sea, there is 
a gradual slope of the sea-bottom to 90 or 100 fathoms. The 
marine charts seem to express a succession of ledges rather than 
one continuous slope, one of the plateaux being at 45 to 60 fathoms, 
another at 70 to 80 fathoms, and an outer one at 90 to 100. Close 
in-shore, along the Zitzikamma, is a narrow shelf at 30 fathoms, 
with a sharp drop off the edge to 50 fathoms. At one place on the 
plateau there is a sounding of 134 fathoms which may be simply an 
embayment, but also it may be a rock-channel, which once carried 
the waters of the Breede River out to sea at this point, nearly 
100 miles from its present mouth. The effect of a rise of the 
continent of 600 feet would prolong the land some 150 miles 
to the south, with the apex of the point shifted somewhat to 
the east of where it now lies. We should then have two well- 
marked plateaux: one at 600 feet, more or less, and one at 1500 feet, 
more or less, above sea-level, besides the one at or near sea-level. 
As it is, the remnants of one are found to exist at about 1500 feet, 


1 « Geological Survey of Piquetberg, Clanwilliam, & Van Rhyn’s Dorp’ Ann. 
Rep. Geol. Comm. 1908 (Cape Town, 1904) pp. 161-62. 
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and this I will shortly describe. Thus our sub-continent seems to 
have been subject to lifts of 600 to 700 feet or so, with smaller 
intermediary halts and set-backs, 

Shell-sand, green sand, mud, and boulders have been dredged 
off the surface of this submarine plateau. For some years now 
the s.s, Pieter Faure, the Government trawler, has been making 
investigations over this area with regard to the supply of fish ; 
and when the records are worked up we shall have, perhaps, some 
more definite data upon which to go. Some large quartzite-boulders, 
dredged 40 miles off Mossel Bay, showed that there at least land 
must have been at one time. The occurrence of this plateau, 
corresponding so closely with that which surrounds the eastern 
shores of America and the western shores of Hurope, led me, in 
a recent paper, to suggest that it was caused by the bending of the 
edge of the continent seawards: owing to the carrying-away of 
material from the interior by denudation, and consequent relief 
of weight, and the deposition of this material as sediment off the 
shores, and consequent weighting of this area. If, however, we 
consider the coast-ledges to be plains of marine denudation, this 
explanation is unnecessary, as we have evidence of block-uplift 
of the whole continent, and not of bending of only small portions 
of it. 


Whether there are plateaux below the Agulhas Bank, must 
remain problematical, until more extensive exploration and sound- 
ings have been made. The evidence, so far as we now can judge, 
goes to suggest that the ground off the Bank belongs to the 
absolute base-level of erosion—that level beyond and 
below which the action of running water was never 
effective, taking the continent as the unit which it now is. In 
former ages there may have been elevations and depressions along 
the coast which had an absolute base-level different from that 
which we assign to the movement that we see going on at the 
present time: an elevation, for instance, that may have connected 
the island of Madagascar with the mainland, or a depression 
that permitted the deposition of the Cretaceous marine rocks or 
the Karroo Beds. These periods are, however, remote, and our 
powers of reconstructing the physical conditions of the continent 
are faulty, from the want of data upon which to go; consequently, 
we are not likely to have more than one absolute base-level at 
any one place to deal with, and the confusion of speaking of 
several absolute base-levels will be avoided. There is a change in 
the fauna exhibited in the 200-foot shell-deposits at Port Elizabeth 
and Uitenhage; and if the 2500-foot plateau had remains of 
animal life upon it, they would indicate a further change, but there 
is nothing to lead one to suppose that even the highest undoubted 
surf-cut shelf was made in times as far back as the Tertiary. 

The absolute base-level of erosion, as I conceive it 
refers simply and solely to the movements of con. 
tinents as they now are, and has nothing whatever to do 
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with the question of the permanence of the continental outlines 
m past ages: that is a question which may be decided one way or 
another, without affecting the absolute base-level. I have intro- 
duced the expression because I wish to imply that continents are 
In a state of motion, upwards or downwards, and that the absolute 
base-level represents the ocean-floor, including the shelf or level of 
erosion cut by the surf and off-shore currents that came near the 
water’s edge when the depression of the present land-masses com- 
menced ; it is a datum from which to reckon those upward or 
downward movements of continents which are actually in progress. 


Fig. 3.—TLhe De Vilugt plateau (about 1500 feet), looking norin 
from Paarde Kop (2397 feet), across the valley of the Keurbooms 
River. 
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{In the distance are the Long Kloof Mountains, which may be the remnants 
of a higher plain, 5000 to 6000 feet above sea-level; the crests are seen to 
run in a remarkably-level line, and the highest peak of the range (Krakeel 
River) has an altitude of 5500 feet. The valleys are occupied by outliers 
of Bokkeveld Slates folded in with the Table-Mountain Sandstone. | 


In the Division of Knysna there is a complex of ridges under the 
mountains, formed by folded Table-Mountain Sandstone, with syn- 
clines filled in with long outliers of Bokkeveld Slates. Although the 
synclines pitch so that the slates are often cut out, and the sand- 
stone-strata in places stand vertical, at others with very high dips, 
yet the tops of the ridges all rise to a level sky-line about 1500 to 
2000 feet above sea-level. Peaks rise above this ; but the evidence 
is satisfactory for the existence in past ages of a plateau at an 
altitude of about 1500 feet. 

Behind the mountains are the remains of a vast plateau, at about 
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3500 to 4000 feet above sea-level,! which I have endeavoured to. 
explain by the base-level of erosion being caused by impassable 
obstructions in the course of the rivers ; and I still do not see my 
way to offer any other explanation. Had the base-level been the 
result of the depression of the land, we should obtain a most 
remarkable physiography for the western part of the Colony: there 
would have been a narrow fringing reef of mountains, with an 
immense central lagoon, like an atoll magnified. There are no. 
traces of a 3500-foot terrace on the coast-sides of the mountains— 
a fact, however, which might be explained by the great denudation. 
that takes place on the seaward side of mountain-chains ; even in the: 
dry interior the remains of this plateau are exceedingly scarce, and 
there would have to be some exceptional cause to allow of such being 
protected on the coast, did they exist. The only example of which 
I can think, is the summit of Table Mountain at Cape Town, 
3549 feet above sea-level; but I do not wish to press this into the 
theory, unless many other confirmatory facts can be gathered. 


I have often sat on a mountain-top, and, surveying the enormous. 
landscape that opens out before one in the clear air of South Africa, 
have noticed how many of the chains of folded mountains cut 
a level sky-line. I have thought, too, that there might have 
been a vast peneplain at elevations of from 5000 to 6000 feet 
(see fig. 3, p. 81). Such a plain would have left only a few 
peaks of the folded mountain-region projecting as islands, and it 
would have included the top of the escarpment of the great inland 
plateau. This escarpment is now seen as the dolerite-capped hills 
that face the Great Karroo, the crests of which form the watershed 
between the streams running into the Orange River and _ those- 
flowing southwards to the Indian Ocean. 

Turning eastwards, we find the remarkably well-preserved marine. 
plateau near Port Elizabeth and Uitenhage, to which I have already 
referred in discussing the marine origin of the rock-shelves. The. 
Uplands plateau comes eastwards to Port Elizabeth, but is, I think, 
not quite so high above sea-level as at George or Knysna. The 
plateau, with the shingle and shell-deposits, is only some 150 to 
200 feet high along the shore, but rises inland to 463 feet at 
Coerney ; at this level it reaches the next step or escarpment of the- 
higher plateau of about 1000 feet. We know too little about the 
country beyond this poimt to discuss the facts further; but, as. 
I gazed over all this part from a peak on the Baviaan’s Kloof, 
there appeared to be a succession of level plains, cut off by steep 
cliffs on the seaward side, beginning with the 4000-foot plateau and 
sinking gradually to the coastal one of an altitude not exceeding 
150 to 200 feet. 

At East London there is a remarkable succession of plateaux. 
The following levels along the railway-line will convey some idea 
of the nature of the country, if one considers that each of the 


' “High-Level Gravels of the Cape, &c.’ Trans. 8.A. Phil. Soe. vol. xv (1904), 
pt. 2, p. 48. ; 
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localities mentioned lies on a flat plain, or one that slopes gently 
towards the sea, and is terminated by an abrupt drop :— 


Feet 
LES en Wond Onmeeeest aan ee 151 
Camibridgers.sg-es eee ease ee 467 
Hort; acksony..c9.cseececmceeee 1108 
[Berlin seus aes Mee cape 1638 
IBlaneyge tance. cst eee ce 1775 
Sterksteooml |... eee 4406 
@Gyplhercatenrcces-erta ise acer 5450 


In the Transkei and Pondoland the coast-shelves are very strongly 
marked. The main plateau is elevated about 2500 feet above sea- 
level, and still, in a very few cases, retains masses of surface-gravel 
and quartzite. One hill standing on the plateau, called Kentani 
Tree Hill, where there was a fierce fight in the Gaika-Galeka war, 
has an elevation of 2420 feet; the peculiar freshwater quartzite, 
with the many-coloured clays and sands not yet consolidated by the 
siliceous cement, and the conical shape which the small cap of hard 
rock has given to the hill, have puzzled many generations of people, 
both black and white. Not so very long ago it was declared a 
diamond-pipe, and the whole white community in the district 
resolved itself into a syndicate to work it. The general level of 
the plain is some 500 feet below the level of the hard caps; 
for, although the whole area is covered with grass, there is a 
vigorous denudation going on which is rapidly reducing the level 
of the country. 

At Kentani village there is a cliff letting the plateau down 
1000 feet, and thence by other steps to a low ridge only 50 to 
100 feet above sea-level. In the neighbourhood of the St. John’s 
River the coastal geology becomes very complicated; but in Eastern 
Pondoland, where there is a simple shelf of Table- Mountain Sand- 
stone, the subsidiary plateaux are as sharply defined now as when 
they rose from the water’s edge. 

The task of gathering together facts from levels carried out by 
eye-surveys, with very few points fixed in height, cannot lead to 
satisfactory results unless appeal can be made to more detailed 
work. The reason why I have brought in these eastern plateaux is 
to show, firstly, that plains of marine denudation do clearly exist 
all along this coast; and, secondly, that the level of the plains 
observed at the various localities varies considerably. 


Taste oF Coast-SHELYES IN THE CApn Conony. 


oe hel i Western. Midlands. Eastern. ares 
Feet Feet Feet Feet 

Cyphergat ...... 5000 to 6000? 5000 to 6000 ? 5450 ? — 
Sterkstroom ... 3500 to 4000? 4000 ? 4406 ? 4500 ? 
Kentant tc scn.00s ae os 2500 2500 
WerVingt.2...25. 1500 1000 1500 1500 
Uplands... .--.--- 700 465 467 600 
Bamboes Bay ... 50 to 100 200 157 50 to 200 
Sea-level ......... — — = 4 
Agulhas ......... —600 


Gee 
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In the foregoing table I haye cited only the main plateaux ; the 
figures with a query after them refer to cases where the action 
of marine denudation is doubtful. The highest undoubted rock- 
shelf is the Kentani plateau, in which the lower road through the 
Native Territories is laid, along which are built the villages of Kei 
Road, Komgha, Butterworth, Idutywa, Umtata, Flagstaff, and 
Bizana. 

In Europe we have traces of similar terraces. The edge of the 
shelf supporting the British Isles is generally known as th e 
100-fathom line. In front of this is the great escarpment of 
the continent, descending steeply to 7000 or 8000 feet, sometimes 
precipitously ; the level at the bottom is what I have called the 
absolute base-level of erosion. Off Scotland, the margin of 
the plateau lies about 600 feet below the surface ; but in front of the 
English Channel, the soundings indicate depths of 1000 to 1200 feet. 
South-west of Spitsbergen lies a plateau depressed 2418 feet 
below sea-level, with depths immediately beyond of 8100 feet; and, 
farther off, the sea-fioor sinks to 15,900 feet. Between Greenland 
and Iceland, the submerged plateau is depressed 1500 feet. 

The drowned valleys of Europe open on to the sea-floor at depths 
of from 7000 to 9000 feet, the greatest of them being the valley of 
the Adour.’ South of the Straits of Gibraltar the continental plat- 
form descends to 7200 feet, with a gradual slope probably, ‘ consist- 
ing of a succession of minor terraces breaking off in cliffs.’* In the 
Northern Atlantic and Arctic Ocean, littoral shells have been dredged 
up from depths of 8500 feet. I would, therefore, make the abso- 
lute base-level of erosion at an average of 9000 feet on the eastern 
side of the North Atlantic. Prof. Hull, in the paper just referred to, 
publishes a chart of the ocean-floor off the mouth of the Congo, and 
shows a drowned valley opening out on to an absolute base-level 
of erosion at 12,600 feet, so that there is apparently a depression of 
the sea-floor. South of this point, I find evidence of elevation of the 
absolute base-level of erosion, from this great depth to only some 
1000 feet ; and, in passing, I should like to anticipate the conclusion 
of this paper by drawing attention to the nature of the river- 
systems north and south of the Congo: that is to say, the land- 
relief, in areas where the absolute base-level of erosion is very deep 
below tide-level, is favourable to broad valleys and permanent 
rivers, but where it is high the land-surface is furrowed by deep 
gorges and traversed by dry river-channels. 

On the western side of the Atlantic, there is a corresponding 
continental shelf, submerged some 200 or 250 feet below the ocean- 
surface, with an external fringe submerged another couple of 
hundred feet. Off this, there is a long, gradual descent to deep 
water, mostly unbroken by ledges; but the Blake Plateau interrupts 
it in places by a shelf from 2500 to 3500 feet deep, with an average 


* Alphonse Milne-Edwards, Bull. Soc. de Géogr. vol. iii (1882) p. 113. 

2 B. Hull, ‘Sub-Oceanie River-Valleys of the West-African Continent, &e. 
Trans. Victoria Institute, vol. xxii (1900) p. 148. 

* W. ©. Brogger, Norges Geol. Undersdgelse, No. 31 (1900-1901) pp. 682-83. 
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of 2700 feet. The submarine valleys which cut through the 
plateaux reach to depths of 12,000 feet below sea-level. Even at 
these great depths there still appear to be plains, which probably 
were once near or above the surface of the water; for instance, south- 
east of New Jersey the contour-lines between 9000 and 10,500 feet 
are some 60 miles apart. The greater depths of 20,000 feet, such as 
are reached in the Bartlett Deep south of Cuba, probably indicate 
structural depressions below the absolute base-level of erosion. 


If we admit the expression absolute base-level of erosion, we 
haye then evidence which goes to show that this surface is depressed 
4000 feet more on the western shores of the North Atlantic than 
it is on the eastern, and that the same depression is found off the 
mouth of the Congo on the eastern shores of the South Atlantic, but 
that south of this there is a rapid elevation to within 1000 feet of 
ocean-level. We can, then, compare the following plateaux :— 


Norru ATLANTIC, Norru ATLANTIC, Sourm AFrRica. 
AMERICAN SIDE. | HuRoOpEAN sIDE. Feet 
Kentani plateau . 2500 
De Vlugt plateau. 1500 


Leet Feet Uplands plateau. 700 
Sea-level......... — Sea-level ......... — Sea-level ......... = 
Coast-shelf...... 300 | Coast-shelf...... 600  Agulhas plateau. 600 
Blake plateau . 2700 | Iceland shelf ... 1200 A.B,L.H. ...... 1200 
AP Be UB) esac 9000 
IX TEE IUE ID nscoen 12,000 | 


[A. B. L. B. = ‘ Absolute base-level of erosion.’] 


Whatever may be the objections to the term absolute base-level 
of erosion (and I myself can see many), it expresses some surface 
that must exist ; and once we grasp this fact, we have a most fertile 
medium through which to look at the unexplained differences in the 
surface-conditions of continental areas. By its means we determine 
that Europe and America are, on the Atlantic coast, on the down- 
grade of the oscillatory motion which all land-masses are under- 
going, and have very nearly reached bottom. South Africa, on the 
other hand, is on the upgrade, and probably near the top. Compare 
the topography of Europe and South Africa. In Europe, one finds 
flowing streams which have cut their beds so that adjoining stream- 
systems meet at the crest of the dividing-ridge: in South Africa, 
the stream-beds are separated by great distances of level country, 
the actual river-valley occupying only a narrow V-shaped gorge 
or channel. In Europe, the valleys are wide, great tracts of 
alluvium spread along the borders of the streams, and deltas form 
at the mouths: in South Africa, the valleys are cut almost always 
in rock, and at the mouths the rivers run out to sea through rock- 
bound gates. In Europe, when a dam is to be built, a moderate 


1 J. W. Spencer, Bull. Geol. Soc. America, vol. xiv (1908) p. 218 ; see also ibid. 
vol. vi (1895) p. 103. 
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height of wall will impound an enormous quantity of water; 1 
South Africa, big dams are almost out of the question, because 
the grade of the rivers is so great that, in order to impound any 
quantity of water, the dam-wall requires to be built so high that the 
pressure on the base becomes greater than can be safely undertaken, 
unless at enormous cost. In Europe, the land having gone on 
sinking for many ages, the rivers have been constantly checked and 
the downward erosion stayed ; in South Africa, the uplift has been 
so continuous that the rivers have becn converted into agents that 
sawed downwards, and have often found the rate of uplift beyond 
their powers of erosion, so that waterfalls along their courses have 
resulted. 

This remarkable contrast of the two continental surfaces—the one, 
the European, very old ; the other, the South African, very young— 
is so striking and so certain, that the relative positions of each of 
them in the oscillation of lend-surfaces, which I have sketched 
above, cannot be doubted. By establishing the term absolute 
base-level of erosion, I have endeavoured to give some quanti- 
tative expression to a fact which otherwise is difficult to grasp. __ 

There are many problems that will yield to treatment by this 
touchstone, such as the tilting of continents, the African north- 
wards, the European westwards, the American eastwards; but in 
South Africa, one has no opportunity of getting together literature 
on world-wide questions, and I must conclude with the facts as I 
have observed them locally, and leave to others the task of testing 
them and applying them to other regions. 


Discussion. 


The Prustpenr welcomed the first communication read to this 
Society by one of that enthusiastic band of geologists, the value of 
whose work had been recently judged on the spot by the members 
of the British Association who had visited South Africa. He 
(the speaker) regarded the checking of the results obtained by 
study of the geology, by reference to the present conditions of 
non-change, as a matter of great importance. 

Prof. Hurt said that he entirely agreed with the Author, that 
these terraces were the outcome of marine erosion, while the gorges 
by which they were intersected were due to river-action. The two 
forms of erosion were here displayed in striking contrast. The 
occurrence of the marine shells on the 150-to-200-foot shelf was clear 
evidence, so far as regarded the Bamboes-Bay shelf ; but the evidence 
of marine sculpturing could not be limited by this occurrence, 
which must be extended to the remarkably-uniform terrace of the 
‘Uplands,’ if not to those above. The submerged Agulhas Bank. 
was of especial interest, and (in the speaker’s opinion) was probably 
the representative of the great ‘continental shelf, or platform, on 
which the continents of Europe and Africa were planted, and through 
which the sub-oceanic river-valley had been cut down for several 
thousand feet. The speaker thought that the paper was well 
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calculated to throw increased light on those great oscillations of 
the coast-lands which had taken place from the Pliocene Period 
down to the present time. 

Mr. H. W. Moncxron remarked that raised rock-platforms of 
marine origin, apparently of the same class as those described in 
the paper, were found along the Norwegian coast, and had been 
termed strandflade or ‘coast-plane’ by Dr. Reusch. The 
speaker thought the term a good one, and better than ‘coast-shelf.’ 
He observed that the raised beach of Gower rested upon just such a 
coast-plane as those found in Norway. He was glad to hear that 
the Author found in Africa evidence of periods of comparatively- 
rapid earth-movement, separated by comparatively-long periods of 
repose, for the speaker had noticed much evidence of similar alternate 
periods in both Great Britain and Norway. 
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I. Grenprat ConrigURATION OF THE REGION, - 


Mors than eleven years have passed since the publication of a paper 
by this Society on ‘The Geology of Matto Grosso,’ in which I 
described the rocks that I met with in the area drained by the 
Upper Paraguay and its tributaries. They include granitoid gneiss, 
highly-cleaved slates, limestones, sandstones, and shales, and have 
a prevailing north-easterly and south-westerly strike parallel to the 
coast-ranges of Southern Brazil. To the northward they are covered 
unconformably by a younger series of sandstones and shales con- 
taining imperfectly-preserved Devonian fossils.” These dip gently 
northward, and form a broad undulating tableland extending from 
east to west. Still farther north, between latitudes 10° and 4° 8. 
on the Xingti (pronounced Shingu), Dr. Karl von den Steinen ° 
found granite, gneiss, and other crystalline rocks. Nothing is said 
about the strike, but it seems that the trend of the hills was 
approximately south-west and north-east, as in the basin of the 
Upper Paraguay. 

Kast of the River Paraguay the high ground changes its trend, 
and stretches in a north-westerly direction to the cataracts of the 
Mamoré and Madeira, under the names of the Serra dos Parecis and 


* Quart. Journ, Geol. Soe. vol. 1 (1894) p. 85. 

* O. A. Derby, ‘Nota sobre a Geologia e Paleontologia de Matto Grosso’ 
Archivos do Museu Nacional do Rio de Janeiro, vol. ix (1890) pp. 59-88. 
Mr. Derby believes that the two series of sandstones and shales are identical ; 
but, although I nowhere saw them in contact, they appeared to be in every 
way distinct. 


* Durch Central-Brasilien’ Leipzig, 1886, pp. 330 (227), 333 (268), and 
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Cordilheira Geral. At first it constitutes the watershed between 
the tributaries of the Paraguay and those of the Tapajdés, while 
farther to the north-west it forms the north-eastern boundary of 
the basin of the River Guaporé or Itenes, which pursues its way 
in a parallel direction for nearly 400 miles on the north-eastern 
margin of the alluvial plain of South-Eastern Bolivia, until it unites 
with the Mamoré,. The combined stream turns almost due north 
across the line of elevation, and, at a height of nearly 500 feet 
above the sea, its waters commence their descent in a long succession 
of cataracts to the Amazonian plain. 

After passing the falls of Guajard-merim, Guajard-guact, Bana- 
neira, Pao Grande, and Lages (in Spanish ‘ Layes’), the Mamoré 
arrives at its confluence with the Beni, which has already passed 
the cataract of Esperanza. The joint stream now takes the name 
of the Madeira, and flows first northward and then north-eastward 
across the line of elevation, descending cataract after cataract, until 
it reaches the settlement of Santo Antonio, at a height of only about 
200 feet above the sea. Thence, after a winding course of some 
500 miles through swampy forest-clad alluvium, it empties itself 
into the Amazon. 

At the cataracts the rivers make their way through low ridges of 
crystalline rocks, which form the subject of the present paper. 
Where these are foliated their strike is, as a rule, north-west and 
south-east, in the same direction as the ridges. The total width of 
this hilly region is about 170 miles, although the rivers in their 
windings cover a much longer distance in traversing it. 

The hills continue to the north-westward beyond the cataracts, 
but how far they extend is not known. We are told of falls on the 
River Ituxy, a tributary of the Purus, which flows on the north- 
west of, and more or less parallel to, the Madeira, so that the line 
of crystalline rocks probably reaches at least thus far. There 1s also 
a rapid, known as the ‘Cachoeira,’ on the Purus, still farther in the 
same direction, which may perhaps be referred to the same cause. 
It is noteworthy, too, that the Purus, the Tarahuacd-Jurud,’ the 
Yacarana or Yavary, and the Ucayali-Marafion, all have a change of 
direction corresponding to that of the Mamoré-Madeira at the 
cataracts, and that the points at which these changes of direction 
occur are in continuation of the line of strike of the crystalline 
rocks of the cataracts of the Madeira. 

This may be explained by the fact that the general inclination of 
the country on the borders of Brazil, Bolivia, and Peru is slightly 
to the east of north, while the elevation that forms the cataracts 
runs obliquely across it: the result being that, when the rivers reach 
the ridge, they are diverted down the slope north-westward until a 
point of weakness or inferior elevation is reached, by which a passage 
is effected. 

It is true that there is no record of hard rocks having been 
observed on most of the rivers that I-have mentioned, but they 


1 That is, the stream formed by those rivers successively. 
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are still imperfectly known; and in the tropics the process of 
lateritization often renders slates and crystalline rocks rich in 
alumina almost indistinguishable from recently-formed alluvium. 
[t must be remembered, too, that there is a wide belt east of the 
Andes which appears to have been depressed, and where the whole 
country is flooded in the rainy season. In this region there must 
be a considerable accumulation of alluvium, which may now cover 
the ancient rocks of the ridge. 

We have, therefore, evidence of an important axis of 
folding and elevation, with a south-easterly and north- 
westerly direction,’ in the centre of South America; 
and there is reason to believe that it extends for a distance of 
1200 miles, from 142° lat. 8. and 59° long. W. to 4° lat. 8. and 73° 
long. W. near Iquitos. Its direction is parallel to that of the Andes 
in Northern Bolivia and Southern Peru, as well as to a small inter- 
mediate axis of elevation in Chiquitos in South-Eastern Bolivia.” 

These lines of folding follow the north-westerly and south- 
easterly strike, which is so common on the earth’s surface for 
some distance on either side of the Equator. It also appears to 
prevail in Southern Venezuela, in Guiana, and in North-Hastern 
Brazil, where a barrier is believed by Dr. Friedrich Katzer* to have 
formerly stretched across the site of the mouth of the Amazon. 

There appear to be four principal directions of folding or elevation 
in South America, namely : 

(1) The north-westerly and south-easterly strike already described, which is 
also met with in the south of the continent in Argentina and Patagonia, as 
well as in Tierra del Fuego and the Falkland Islands. 

(2) A direction roughly at right-angles to the former, approximately north- 
east and south-west, following the coast of Brazil south of Cape San Roque. 
- ae occurs on the Upper Paraguay and the Xingu, and in the Colombian 
Andes. 

(3) An east-and-west strike seen in Northern Venezuela and Trinidad, and in 
the Amazonian basin, which consists broadly of a syncline bounded by two lines 
of elevation on the north and south. 

(4) The north-and-south line of the Andes, from Southern Bolivia to 
Patagonia, 

These directions are roughly indicated in the sketch-map which 
forms fig. 1 (p. 90). In the present imperfect state of our know- 
ledge of the geology of South America, it is impossible to give their 
exact positions, 

The movements along all these lines appear to have extended 
over a considerable period. The north-easterly and south-westerly 
folding of Matto Grosso was mainly pre-Devonian, while the 
north-westerly and south-easterly movements in the Andes ex- 
tended to at least post-Carboniferous times. The north-and-south 


‘ More exactly north 55° west. 

2 A. @Orbigny, ‘ Voyage dans l’Amérique Méridionale, exécuté pendant les 
années 1826-33’ vol. iii, pt. 3 (Géologie), Paris 1842, pp. 183-99; and 
J. W. Evans, ‘The Geology of Matto Grosso’ Quart. Journ. Geol. Soe. vol. 1 
(1894) p. 96. Pe oe 

* “Grundziige der Geologie des Unteren Amazonasgebietes’ Leipzig, 1903 
p- 240. 
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and east-and-west lines of movement appear to be of Tertiary and 
Quaternary age. Along the Pacific coast, movements with lines of 
strike parallel to the shore-line have, it need scarcely be said, 
continued down to historical times. 


Il. Previous Work. 


With the exception of some brief notes by Joseph and Franz 
Keller and Col. Church,! the only description which has yet been 
published of the rocks of the cataracts is that given by Dr. Joao 
Severiano da Fonseca, who in the year 1877 descended the rivers 
Guaporé, Mamoré, and Madeira with the Commission for the 
delimitation of the frontier between Brazil and Bolivia.” As this 
book is comparatively inaccessible to geologists in this country, L 
have translated, and reproduce here, those portions which seemed 
to be of interest in connection with this paper. 


The following paragraphs refer to the geology of the cataracts as 
a whole :— 


Vol. ii, p. 280. ‘The rocks of these cataracts are of plutonic formation, and 
reveal at the first glance their volcanic origin, modified perhaps by meta- 
morphism. Some were difficult for me to classify, on account of the obscurity 
of their characters; in others the mineralogical facies was satisfactorily deter- 
minable, The great trachytic pavements, which are nearly smooth, and either 
of a ferruginous hue or shining black like pitch, are formed in many places of 
superposed beds, which are more or less undulating and have curvilinear 
borders, as if they had been derived from viscid melted material poured 
forth in great outbursts, and forming sheets of which the later solidified before 
they reached the distance to which the earlier had extended. Here and there 
appeared large rock-masses, some prismatic in shape, others rounded: in one 
place were dykes of diorite and of elvan; in another loose blocks. Some were 
split in the middle by a mere crack, others by a gap of more than a fathom in 
width.’ 

‘There were likewise large cauldrons, holes in the pavement, perfectly 
rounded, the formation of which is easily explained by the attrition of stones 
rolled about in small depressions which, little by little, with the movement 
of the waters and the passage of centuries, become larger and more rounded. 
But it is not so easy to explain the elliptical holes in some of these pave- 
ments .... all are of the same dimensions, and as if arranged in uniform 
directions one after the other in two or three lines, so that they call to 
memory, though without any resemblance, human footsteps. The most 
notable are those of the cataracts of the Madeira, Bananeira, Ribeirao, and 
Paredao. ‘heir dimensions are: 1 to 3 decimetres long, a third more or less 
of this broad, and nearly as much deep, always preserving an ellipsoidal form. 
Are they spaces formerly occupied by bodies easily disintegrated or decomposed 
by the waters, and that in time became vacuous? As for the pavements, in 
spite of their being varnished by the attrition of the water and _ brilliant 
with a black metallic polish, it is not difficult to classify them by their texture 
and system of agglutination. They are hornblende-porphyries, obsidians, 
syenites, petrosilex, etc.—all felspathic rocks. The canga (ferruginous con- 
glomerate) appears in lofty crags of a reddish-black colour, whence they have 
received the Tupic name tupanhona canga. At the same time, dykes of 


' Franz Keller-Leuzinger, ‘Vom Amazonas & Madeira’ Stuttgart, 1874; 
and George Earl Church, ‘The Route to Bolivia via the River Amazon (a Report 
to the Governments of Bolivia & Brazil)’ London, 1877, p. 186. 

* «Viagem ao Redor do Brasil’ Rio de Janeiro, 1880-81. 
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compact eurite rise to form other crags: either by breaking through the 
metamorphic crust, or because they are enyeloped by decomposed gneiss the 
surface of which, now eroded by lapse of time, was formerly at the same level 
as that of the dykes.’ 

‘In the large cauldrons, which are dry, there are not infrequently con- 
glomerates of small fragments of dioritic rocks, principally black diorite, which 
appeared to me to be cemented with hydrate of iron,’ 

‘I brought back with me some specimens of the most notable of these rocks, 
as well as of the pebbles inserted in the cracks of the pavements, where a 
secondary process of agglutination with the sand of the river avd the clay 
which it carries in suspension, forms a puddingstone...... These sedimentary 
rocks are rare in the localities where the stream runs strongly, but very frequent 
in the backwaters,’ 


In one of the cataracts, he believes that of Bananeira, he found a 
piece of petrified charcoal formed of bright shining lamelle, which 
is now in the Museum of the Archzxological Institute of Alagoa. 

It will be seen from the following pages that, although I have 
been able to confirm some of Dr. Fonseca’s statements, I never saw 
any rocks that could be classed as trachytes, or that showed any 
evidence of having flowed at the surface. 


Ild. Gronoeroat ano PErRoLoGICAL OBSERVATIONS. 


(1) Between the Andes and the Cataracts. 


In the year 1902, when returning from Bolivia by way of the 
Beni and Madeira, I had an opportunity of examining the rock- 
exposures on those rivers. 

Leaving the Bala-Susi Mountains, the last outworks of the 
Andes, behind me at Rurenabaque, I descended the Beni until [ 
reached, twenty days later, the ‘rubber-metropolis’ Riveralta, 
at the mouth of the Manutata (Madre de Dios). Throughout 
this distance (some 220 miles in a direct line, and 470 following 
the stream) the Beni flows in innumerable meanders through a wide 
_ forest-plain, between 500 and 600 feet above the sea, For the 
' greater portion of the distance the ground is scarcely raised above 
the water, although the margin of the river is usually marked by a 
low bank or levée forming a natural breakwater, which, however, is 
often flooded when the river is high. Beyond are lagoons repre- 
senting abandoned reaches of the river. At a greater distance from 
the Andes there are, however, tracts of rising ground, occasionally 
as much as 50 or 60 feet above the level of the stream, which some- 
times cuts into them, forming well-marked cliffs. ‘These elevations 
are built up of argillaceous or fine sandy materials with varying 
amounts of iron, which is sometimes present in such quantity as to 
constitute a hard stone. With this exception there is no solid rock, 
either in situ or in fragments larger than fine sand-grains,’ below 
the rapid of Altamarani, some 10 miles below Rurenabaque, where 
the river, slackening its pace after leaving the mountains, has 
thrown down a thick bank of more or less rounded fragments, 


! yen this sand is remarkably poor in heavy minerals. 
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After a short stay at Riveralta, literally ‘high bank,’ which 
stands on a cliff such as I have described, I ascended the Manutata, 
and thence travelled overland to the Orton. Between the two 
rivers is a narrow plateau, extending for many miles in the 
direction of its length, and raised some +0 feet above the level of 
the lower forest. Though it is possible that these tracts of com- 
paratively-high ground may in some places be formed of hard rocks 
decomposed by lateritization, there can-be little doubt that, in the 
great majority of cases, the materials of which they are composed 
are of fluviatile origin, and were laid down by rivers under condi- 
tions similar to those which now exist. They are, therefore, in all 
probability the remains of the former surface of an ancient alluvium, 
the rest of which was removed by the present rivers, whose level 
has been lowered by the wearing-away of the barrier at the 
cataracts. I was unable to see any definite evidence of local changes 
of relative level in these deposits, which may be provisionally 
referred to the ‘ Neogene’ of Dr. Friedrich Katzer.' 

I followed the Orton to its confluence with the Beni, and subse- 
quently descended the latter river. 


(2) The Cataract of Esperanza on the Beni. 


A short distance below the mouth of the Orton the Beni passes at 
the ‘Correnteza,’ or rapid, a line of rocks, said to be thirteen in 
number, projecting here and there above the water, and having a 
general north-westerly and south-easterly direction. Although there 
is no perceptible fall at this point, the current runs with considerable 
force,” and it was impossible to stop the boat to examine the rocks. 
This rapid forms the cabecera or head of the cataract of Esperanza.” 

A mile or two farther down stream the cataract itself is reached, 
where the river passes a number of ridges of crystalline rocks which 
form low elevations in the forest on either side. ‘The principal fall 
has a height of 9 or 10 feet, and below it are rapids which con- 
stitute the coda or tail of the cataract, where the river passes yet 
another ridge of rock. 

Megascopically the rock (M_1)* of the Esperanza Cataract shows a 
granular mixture of pinkish felspar, with a little greyish quartz and 
specks of a black mica, the latter, however, being mostly aggregated 
into parallel lenticles or irregular masses. The specific gravity 1s 
2-633. The strike of the foliation is fairly constant, in a west- 
north-westerly and cast-south-easterly direction. 


1 «Grundziige der Geologie des Unteren Amazonasgebietes ’ 1903, p. 108. 

2 Tn 1897 an island at this point was swept away by a flood. 

3 So called from the words of the devoted Indian who accompanied Dr. Heath, 
the first European to descend the Beni from the Andes to its mouth: ‘ Then 
let us call this cataract Esperanza, for now that we have passed it we have 
hope of life.’ ’ 

* Numbers in parentheses preceded by the letter M refer to the rock-specimens 
and microscope-sections now in the Mineralogical Department of the British 


Museum (Natural History). 
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Under the microscope, the felspar is seen to consist partly of 
microcline and orthoclase, both with microperthitic inclusions on a 
minute scale, and partly of albite, which sometimes contains more or 
less rectangular inclusions of microcline or orthoclase arranged along 
definite lines and extinguishing together. Quartz occurs in small 
oval or circular blebs, such as are characteristic of granulites, or in 
rounded lozenge-shaped individuals which appear to be sections of 
the double pyramid, for the extinctions are parallel to the diagonals. 
Other crystals are more or less hexagonal, and occasionally these 
are dark in all positions of the nicols. ‘These grains or crystals 
of quartz are usually found as inclusions in felspars, or penetrating 
into their margins; while, in some instances, the felspar appears to 
fill the irregular intervals between crystals of quartz, or the eroded 
cavities in that mineral. There can be no doubt that the crystal- 
lization of the quartz must, in all these cases, have preceded that of 
most of the felspar. Micrographic structure, however, occasionally 
occurs where the two must have crystallized together; and there 
are also cases where the quartz fills the interstices between felspars, 
and must have been the last mineral to separate out. 

There is a fair amount of biotite and brown hornblende, which 
is sometimes intergrown with quartz in a kind of micrographic 
structure. I also observed a large, rounded, greenish-yellow, highly- 
refracting isotropic crystal, 1-25 mm. in diameter, surrounded by 
hornblendes, which is altered externally to a yellow decomposition- 
product with low birefringence. The mineral is traversed by 
cracks filled partly with a mineral of high birefringence, about 
double that of quartz, and partly with fluor. It may, perhaps, be a 
silicate of the rare earths allied to pyrochlore. 

A few grains of apatite, zircon, and magnetite are present. The 
rock is rather fine-grained, the largest crystals, felspar and quartz, 
not exceeding 3 millimetres in diameter. 

The foliation was not apparent under the microscope. 


In some bands or veins (M 1 }) the constituents approach a centi- 
metre in diameter, and the dark constituents almost completely fail; 
so that the rock may be described as a rather coarse-grained 
haplite, consisting of quartz, a little microcline, and albite. Inthe 
last are numerous minute plates, usually appearing like needles in 
thin section. These are probably hydrous soda-mica, the result of 
incipient decomposition. 

Elsewhere (M 1 @) there are dark bands in the gneiss that reveal, 
under the microscope, an entirely-different composition. The 
felspar is plagioclase, showing albite and frequently also pericline- 
twinning in alternately broad and narrow bands. The maximum 
angle of extinction with the lamelle of the albite-twinning, in 
sections perpendicular to the brachypinakoid, is 20°, and the refrac- 
tive index is well above that of the slow (extraordinary) vibrations 
in quartz. The felspar is, therefore, apparently an acid labradorite. 
It contains numerous minute inclusions of hornblende, quartz, and 
apatite, and occasionally lines of rectangular isotropic inclusions 
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which are probably filled with liquid. Quartz occurs in small blebs 
and shows rounded idiomorphic boundaries. There is abundance 
of brown prismatic hornblende, with a maximum extinction- 
angle between the direction of vibration of the slower wave-surface 
and the trace of the cleavage of about 24°, and strong pleochroism. 
It contains inclusions of quartz.’ Crystals of pyroxene are also 
present; and much of it is distinctly pleochroic, ranging between 
very pale shades of green and yellowish-brown. This pyroxene 
appears to be partly augite and partly enstatite. Some of the 
augite shows signs of alteration into diallage. Irregular masses 
of magnetite also oceur. The rock, which has a specific gravity 
of 3-012, is apparently on the border-line between a micro- 
diorite and a fine-grained dolerite. 


In the neighbourhood of the cataract, pebbles again appear in 
the river-beaches. Some are formed of crystalline rocks; but the 
majority are derived from sedimentary beds, and include con- 
solidated grits or quartzites and silicified limestone or chert, 
showing traces of stratification. The latter contain organic remains 
with concretions and rhombohedra of a ferruginous carbonate, 
perhaps ankerite, which has been oxidized to a yellow-brown tint ; 
and a groundmass of colloid and chalcedonice silica. 

I submitted the microscope-sections, that I had had made, to 
Dr. George J. Hinde, F.R.S. He kindly examined them, and wrote 


to me as follows :— 


‘The circular and elliptical sections in slide (M1¢) are sponge-spicules. 
Probably they are the anchoring spicules of siliceous Hexactinellids. The 
inner tube is the axial canal of the spicule. They seem to be fairly common in 
this chert. There are traces of rods in slide (M 1 ¢); these are probably also 
spicules, but the chert is so much altered in this slide, that one cannot be 


positive. ; 
“There are other bodies in slide (M 1 ¢) the nature of which is unknown to 


me. One is a thin shell, almond-shaped in section, which may be the carapace 


of some crustacean ; a smaller form may be of similar origin. 
“There is also an imperfect flask-shaped body with a reticulate structure, of 


which I cannot guess the character. 
‘T do not see anything that can be considered radiolarian; but the chert 


has been very much altered and, judging from the changes which have affected 
the sponge-spicules, the radiolaria, if originally present, would have been 
obliterated beyond recognition,’ 


In a subsequent letter Dr. Hinde states that he considers the 
chert to be marine, and that it may well be Paleozoic, although the 
evidence is insufficient to prove it. Rocks containing Hexactinellid 
sponge-spicules occur to the north of the Amazon on the rivers 
Trombetas and Maecuri. The accompanying fossils indicate a 
horizon at the base of the Silurian (using that expression so as to 


exclude the Ordovician),” 
The sedimentary rocks cannot have come from the Andes, the 


1 See p. 121, footnote 1. 
2 BR. Katzer, ‘Grundziige der Geologie des Unteren Amazonasgebietes’ 1903, 
pp- 218, 222. 
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river being far too sluggish to carry stones of such size. They 
must be derived from strata flanking the crystalline rocks on 
the south-west, possibly from the reef of thirteen rocks above 
Esperanza. 

The occurrence of marine beds in this region of alluvium and 
crystalline rocks is of great interest. I may mention that I found 
pebbles of silicified oolite in the Upper Paraguay, at Santa Cruz, 
Barra dos Bugres.* 


(8) The Cataracts of the Mamoré. 


Leaving the Esperanza Cataract behind me, I descended the river 
to Villa Bella, which is situated on the tongue of land between the 
Beni and the Mamoré. ‘Thence I made a short journey up the latter 
river, in a canoe, to the rapidsof Lages, where broad rock-pavements, 
which give theit name to the cataract, are exposed when the 
river is low. 

Megascopically this rock (M2 &3) appears to consist of quartz 
and felspar speckled with flakes of black mica. The size of the 
constituents varies from place to place, but the grain is always 
rather fine. There is distinct banding, which has more the 
appearance of flow-structure than of the foliation of gneiss. The 
rock splits somewhat easily, but in a direction which is parallel 
rather with the surface than with the planes of banding. Its specific 
gravity is 2°66. 

A microscope-section of the coarser (M 2) material (Pl. V, figs. 1 
& 2) shows abundance of felspar, including microcline—sometimes 
with microperthitic inclusions, and plagioclase with lamellar twinning, 
The latter appears to be intermediate between albite and oligoclase; 
it shows in some cases inclusions the boundaries of which are parallel 
with those of the host; they have lower refraction and birefringence, 
and are probably orthoclase. Quartz occurs, both independently and 
as inclusions in the felspar; as in the rock of the Esperanza Cataract, 
it appears to have crystallized out before the latter mineral. The 
sections often show crystallized outlines, but are sometimes only 
rounded blebs. Similar rounded inclusions of felspar, especially 
microcline, also occur. In some cases, the felspar appears to have 
crystallized in the cavities of the quartz. Micrographic intergrowth 
is fairly common. There is much brown and green mica representing 
biotite in different stages of alteration into chlorite. Epidote, 
apatite, and magnetite are also present. 

The finer-grained specimens (M 3) are similar, but show crystals 
of yellowish-green hornblende, with an extinction-angle (between the 
direction of slower vibration and the cleavage) which reaches a 
maximum of 29°, The colours of different directions of vibration 
vary between yellowish-green and dark green. The largest quartz- 
and felspar-crystals measure about a millimetre in diameter, but 
numerous small quartz- and felspar (microcline)-grains occur, both 


* «The Geology of Matto Grosso’ Quart. Journ. Geol. Soe. vol. 1. (1894) p. 91. 
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independently, and as inclusions, which in size and shape recall the 
minerals of a granulite. 

I did not ascend the Mamoré any farther. A.d’Orbigny,' who spent 
a few days at Beira on the right bank of the Guaporé or Itenes, some 
distance above its junction with the Mamoré, found, on the south- 
western flank of the Serra dos Parecis or Cordilheira Geral, hills formed 
of friable sandstones which were very ferruginous, and generally 
red in colour. They were of great thickness, and dipped south- 
eastward? at an angle of 12° or 15°. These sandstones, which 
appeared to extend far to the north, were covered in the neigh- 
bourhood of the river by ferruginous conglomerates containing much 
oxide of iron, and forming perfectly-horizontal beds. 

Dr. Fonseca states°* that, at the cataract of Guajara-merim, a 
chain of rocks some 150 metres broad traverses the river from 
side to side, expanding on its margins into two enormous pave- 
ments of dioritic appearance. In some places there is, he says, a 
porous formation of a kind of varnished can ga (ferruginous quartz- 
conglomerate) ‘ resembling phonolite;’ while on the bank, amid the 
vegetation, ‘argillotalcose schists’ without visible stratification 
are exposed. He also states that, above the cataract of Lages, at 
the mouth of the river of the same name, the rocks are covered 
by sands resting upon dark-grey clay with ‘ nuclei of silex’ (op. cit. 
p. 270). 

According to Col. Church (‘The Route to Bolivia via the River 
Amazon’ 1877, p. 187) the upper rapids are composed of ferru- 
ginous conglomerate, the surface of which is as black as ink, and 
he quotes the following from a report by the Kellers :— 

‘The ferruginous conglomerate which is found on the surface of the earth, 
only covered with a bed of clay of from 5 to 6 metres of thickness, is a con- 
glomerate of gritstone, little pieces of dolerite cemented with oxide of iron, 
full of openings and cavities which give it the appearance of a sponge or scoria. 
Its beds are generally horizontal, and are from 4 to 5 metres thick. In the 
inferior beds the seams are smaller, at some points disappearing entirely, and 
forming then a more homogeneous mass of red gritstone, very argillaceous.’ 
They declare that this formation extends over more than 12 degrees 
of latitude. Col. Church (loc. cit.) further states that the rock of the 
Bananeira rapid is 
‘distinctly granitic, but with much iron disseminated. The surface of the 


rocks, wherever the water has been flowing over them, is blacker than inka sees 
the hornblende, feldspar, and quartz are well disseminated in the rock.’ 


(4) The Cataracts of the Madeira. 


Immediately below the confluence of the Beni and Mamoré is the 
cataract of Madeira, where the river of the same name flows 
rapidly for 2 miles between rocky islands, the total fall being over 
8 feet (25 metres). 

1 «Voyage dans l’Amérique méridionale, exécuté pendant les années 1826-33 , 
vol. iii, pt. 3 (Géologie) Paris, 1842, p. 203. BRT 

2 his is not the dip that would have been expected. Possibly it may be a 
yerbal mistake for south-westward. 

3 * Viagem ao Redor do Brasil’ vol. ii (1881) p. 263. 2 

Hs 
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The rock is a pale granitoid or haplite-gneiss, in which the 
ferromagnesian minerals are but little developed. In some places 
it is fairly coarse-grained, and in pegmatoid veins the constituents 
measure as much as 2 centimetres in diameter. 

On examination of a microscope-section (M4«a) from one of 
these coarser portions, it appears to be mainly composed of irregular 
masses of quartz, microcline, and orthoclase. Sometimes the 
border of the quartz sends out a number of rounded prominences 
in crystalline continuity, which penetrate the felspar micro- 
graphically. The felspar is altered in places into a colourless 
mineral with a higher refractive index, and a negative sign of the 
principal zone. ‘The relative retardation of the two directions of 
vibration is higher than in quartz, the birefringence reaching a 
maximum of about 0-029, or 29 thousandths.* This is probably a 
somewhat hydrous muscovite ; the cleavage is, however, not well 
marked. Plagioclase intermediate between albite and oligoclase is 
also present. 

Elsewhere the rock (M4) shows megascopically a fine granular 
mixture of quartz and felspar, with small aggregates and rods of a 
dark-green mineral. Under the microscope it is seen to be a granu- 
litic rock, consisting of a mixture of rounded quartz-grains measuring 
up to half a millimetre in diameter, and plagioclase (albite-oligoclase) 
of about the same size. The general appearance has a curious 
resemblance to some quartzites where the grains are uniform in size. 
There are a certain number of felspars that show only Carlsbad- 
twinning or none at all; but the refractive index appears to be 
identical with those showing twin-lamellation, and they have. 


1 Dr, Fonseca describes here the occurrence in the ‘ syenite’-rocks of the 
oval and elliptical holes already mentioned. 

* The birefringence or difference between the indices of refraction of the two 
directions of vibration represents the relative retardation in a unit of len th, 
and might be termed the rate of relative retardation. If & be the total 
relative retardation between the two directions of vibration, 7 the thickness of 


In this particular case the observed relative retardation (Z) was 670 acne 
metres (millionths of a millimetre), and the thickness was 23,000 micromilli- 
metres, so that d was equal to 670+23,000=:029. It is, however, convenient 
to measure the thickness of the section in microns (a thousandth of a millimetre 
= 1000 micromillimetres), and to take as a practical unit of birefrincence the 
number of micromillimetres of relative retardation in a micron: thus avoiding 
the use of small decimal fractions. If then D be the rate of relative retarda- 
tion in micromillimetres per micron, / the relative retardation in micromilli- 
metres, and L the thickness in microns, D = te a = 29) 

The unit rate of relative retardation in micromillimetres per micron is 
tooo Of the absolute unit of birefringence or rate of relative retardation in 
which both the relative retardation and the distance are expressed in the same 
units; it is, therefore, conveniently spoken of as a ‘ thousandth,’ Perhaps 


a ‘millesim’ would be better; see a paper in the Mineralogi i 
i : 4 paper in the Mineralogical Magazine, 
vol. xiv (1905) p. 87. The words micron and micromillimetre Be: here 


used in accordance with the rules laid down by the British Association for 
the Advancement of Science. 


the section, and d the birefringence or rate of relative retardation, then d= ff 
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probably the same composition. This view is supported by the fact 
that there are many felspars in which the repeated twinning is only 
Just perceptible. Many of the plagioclases contain approximately- 
rectangular inclusions, arranged parallel with crystallographic 
directions of the host. These have a low refractive index, and are 
apparently isotropic; they probably represent spaces formed by the 
action of solvents, and filled with liquid. No microcline is visible. 
The smal] quartz-grains are enclosed in the felspar, and are often 
idiomorphic. There are also a number of minute, more or less 
rounded inclusions that are arranged in lines passing through all 
the constituents of the rock. Flakes of biotite more or less con- 
verted into chlorite are present in considerable numbers. 

Veins of quartz are observed in the rocks of this cataract; and 
pebbles of the same material are bound together by ferruginous 
cement, to form a hard conglomerate that is met with here and 
there in the alluvium. 

The rocks are, as a rule, distinctly foliated on a large scale. The 
strike is very variable. The band of crystalline rocks rises to low 
elevations on either side of the river; and it is said that a day’s 
journey into the forest to the south-east there are considerable 
hills. 


The river now runs for 10 miles through low alluvial land, until 
at the cataract or rapid of Misericordia, another band of 
erystalline rocks is passed. I landed on the left bank, a short 
distance above the cataract, and found the gneiss stretching into 
the forest in low rounded knolls, which may have been worn by the 
river when it flowed at a rather higher level. 

To the naked eye, the rock (M 5) appears to bea gneiss, consist- 
ing of an aggregate of small grains of pink felspar, occasional quartz, 
and bands of a dark-green material. It has a specific gravity 
of 2°63. The strike of the foliation is north-north-westerly and 
south-south-easterly, but it is apparently somewhat variable. 

Under the microscope, abundant microcline is seen, up to a 
diameter of 2 or 3 millimetres; there is also some microperthite, 
as well as albite-oligoclase containing minute inclusions of a colour- 
less material, similar to that seen in the microcline of the haplite 
from the Madeira Cataract: in this case they probably represent 
a hydrous soda-mica. There are large crystals of quartz, of about 
the same size as the felspars, and separated from them by a ragged 
irregular boundary that corresponds to the crystalline outlines of 
neither ; while smaller blebs or rounded crystals of quartz, such as 
have been already described, occur as inclusions in the felspars. In 
the greater portion of the rock, the ferromagnesian minerals are 
present only in small amount, being represented by flakes of mica 
and hornblendes which elsewhere form the coloured bands. A few 
erystals of sphene are also visible. 


After passing Misericordia, a line of hills is seen in the distance, 
which are passed in the cataract of Ribeirao, so called from a 
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small river! that enters the Madeira midway down the cataract. 
As is usually the case, the main hills are on the left bank. 

This is one of the largest and most formidable of the cataracts. 
For the distance of several miles, the river rushes through rocky 
channels amidst numerous islets. The rocks consist of gneisses 
similar in character to those at Misericordia.” 

I have only one specimen (M 5a) from this cataract. In a hand- 
specimen, it would be described as a haplite of medium grain, 
being composed of grey quartz and white felspar, without any 
noticeable amount of ferruginous minerals. 

Under the microscope, it shows abundant quartz in irregular 
grains, measuring up to a couple of millimetres in diameter. The 
smaller quartzes are either idiomorphic, or form rounded blebs, and 
are often included in the felspars. Microcline is very common, and 
there is occasionally a little oligoclase. A green hornblende with 
low extinction-angle, biotite, apatite, and sphene are also found. 

In the dry potholes and other hollows, a ferruginous con- 
glomerate is observed, containing vein-quartz and decomposed 
felspathic material. There are also hollows in it left by the 
rotting-out of small twigs and fragments of wood. 


We passed the cataracts of Periquitos and Ardaras* without 
landing. Thence there is a stretch of 50 miles without cataracts, 
where the Madeira runs through alluvial forest, the soil of which is, 
as a general rule, raised but little above the river. A short distance 
below Ardras, we landed on a large bank of mud and sand. This 
had dried after the fall of the river, which was nearly at its 
lowest, and had split into cracks, which were subsequently filled 
with blown sand. It would be interesting to know whether the 
phenomenon has been observed in older strata. Cases of similar 
cracks being filled with aqueous deposits have been frequently 
reported.* 

About 30 miles below Ariras one reaches the mouth of the 
Abuna, flowing in from the west-south-west; and the Madeira, 
which has hitherto held an almost northerly course, now turns to 
the east-north-east, as if in continuation of the Abunda, and crosses 
the crystalline ridges nearly at right-angles, instead of obliquely as 
before. It is this bend which is repeated by the other tributaries 


1 The sand of this stream is said to be auriferous. 

® In ‘ Viagem ao Redor do Brasil’ vol. ii (1881) p. 283, Fonseca describes the 
upper portion as formed of great payements covered with blocks of diorite, 
some loose, others forming dykes; there were also cauldrons and elliptical 
holes such as have been already described. 

® F. Keller-Leuzinger (‘Vom Amazonas & Madeira’ 1874, p. 44) states that 
the rock at this cataract is a ‘lustrous black-green gneiss.’ 

* According to Col. Church (‘The Route to Bolivia via the River Amazon’. 
1877, p. 187), ‘about 7 miles down stream from Araras, and abutting on the 
river, are two singular bluffs, perhaps 100 feet high each, and perpendicular. 
They appear like isolated hills which have been sawn across by the river, and 
are of the stiff red-clay formation common to the whole of Brazil, and especially 
to the Amazon Valley.’ I did not notice these, but we travelled a considerable 
distance above the Abund before daybreak. Undoubtedly the banks were 
unusually high at this part of the river. ‘ 
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of the Amazon farther to the north-west, in the manner that I have 
described. 


At the next cataract, that of Pederneira, the rock (M 6) is 
a strongly-foliated gneiss, consisting of pink felspar with a 
dark-green constituent. Where the latter is predominant, the 
felspar occurs in small porphyritic eyes. The strike is usually about 
north 60° west, but in places it is due east and west. At one point 
there is a narrow vein of chalcedonic quartz, from which flints for 
use as knives and for striking fire were formerly obtained. The 
name of the cataract refers to these flints. 

Just below the cataract, the Madeira receives on the left the Rio 
Arapongas or Ferreiros, which appears to flow in a longitudinal 
valley. ‘The river then turns to the east. I was told that on the 
Arapongas were slaty rocks with quartz-reefs. Col. Church (‘ The 
Route to Bolivia via the River Amazon’ 1877, p. 188) also states 
that he recognized slates on the main stream. He has kindly 
furnished me with the following extract from his journal :— 

‘On the western extremity of the great bend I find a 30-foot bluff of slate. It 
is probably this slate-formation which catches the river after it shoots so far 
to the westward, and turns it at a right angle to the north-north-east.’ 

I did not see these slates; but the river is wide, and the course of 
my canoe was near the left bank. 

A microscopical examination of the rock of the cataract shows a 

highly-foliated structure. There is much plagioclase that has 
a crushed appearance ; it is usually untwinned. Microcline occurs 
in large comparatively-unaltered crystals, which sometimes contain 
microperthitic inclusions. Orthoclase is also present. One large 
crystal, apparently a Carlsbad-twin of microcline, but with the 
characteristic twin-striations’ very faintly developed, includes 
numerous crystals of andalusite, which have dark centres comparable 
to those of chiastolite; thin plates of a hydrous mica, and rod-like 
forms which may perhaps be referred to sillimannite, also occur. 
‘There is abundant quartz, especially along certain planes, with 
irregular interlocked boundaries. Hornblende and biotite oceur in 
lenticles, as well as occasional crystals of sphene with irregular 
boundaries. The formation of the andalusite in this rock is, no 
doubt, due to metamorphism similar to that which causes the 
development of chiastolite in a slate. 


From Pederneira we could see to the south-east the hills on the 
left of the river, near the cataract of Pareddo, so called from the 
wall-like outcrop traversed at that point." 

The rock is a fairly-coarse gneiss, the felspars in some places 


1 Dr. Fonseca describes (‘Viagem ao Redor do Brasil’ vol. ii, 1881, p. 289) 
the mass or platform on the right bank as having a width of 126 metres. * This 
mass,’ he says, ‘is a most magnificent specimen of rock, with its beds one above 
the other revealing the state of liquefaction in which they were deposited, 
like a great outpouring of honey thick and ready to crystallize, which moves 
slowly, sliding on in broad sheets above beds already solidified. This shows 
that either the crystallization was very rapid, or the streams of the material 
in fusion were very sluggish in their flow. But, closer to the river, the rock 
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measuring as much as a centimetre across, and no doubt larger 
specimens occur. It shows in hand-specimens (M 64 ; specific gravity 
=2-61) a considerable amount of quartz occasionally idiomorphiec, 
pink felspar, and mica. Under the microscope porphyritic crystals 
of microcline-perthite are visible, which sometimes reach a diameter 
of 4 millimetres. There are also large crystals of quartz and albite, 
the latter filled with numerous minute enclosures, which show much 
greater relative retardation than the felspar, and are probably 
paragonite. The groundmass is an aggregate of more or less 
rounded crystals of quartz, microcline, and a little basic oligoclase 
measuring up to half a millimetre in diameter. 

Another specimen (M 65), from the same locality, appears mega- 
scopically to be similar, but with a finer grain. Under the micro- 
scope it shows abundant quartz, amounting to about half the bulk 
of the rock, and occurring in numerous small crystals up to about 
3 millimetres, which, more often than not, show indications of 
crystalline outline. They are frequently included in the felspar, 
which is partly microcline and partly albite. There are also a few 
flakes of decomposed biotite. 

Those portions of the rock that were frequently covered by the 
river were, like many rocks in similar situations in other tropical 
rivers, coated with a black film consisting mainly of manganese- 
oxide and ferric oxide.! Both the bare gneiss and the blackened 
portion had a brilliant polish, the result, I imagine, of the action 
of the wind-borne sand from the beaches and banks which are left 
dry when the river falis. It must be remembered, however, that 
the river-water is heavily charged with sand, and the polishing may 


loses this character: instead of being smooth and polished, it acquires a highly- 
irregular surface. Above it rise dykes of ciorite, crags from 3 to 6 metres in 
height; while close at hand sink abysses, or the rock exhibits broad and deep 
erosions, which become navigable channels of the river when the water is 
sufficiently high. ‘The platform terminates at the river in one of these cliffs, 
4 inetres in height, which throughout its extent forms the margin of the river. 
In the portion left dry by the river, one sees circular cauldrons a metre and 
more in diameter and depth, and small elliptical excavations of the same size 
as those observed in the other cataracts. Some of the rock-platforms are of a 
shining red colour, perhaps due to ferric oxide; others are of a brilliant black, 
due to the oxide of the same metal or peroxide of manganese. Here and there 
again are blocks split longitudinally, which preserve a remarkable parallelism 
between the faces of the crack, the salient portions of one side corresponding 
to the re-entrant portions of the other. Some 50 metres below the cataract, and 
on the same bank, is another wall (paredio) like that of Ardras, formed of 
superposed rocks of sandstone and gneiss affecting the form of trap-rocks with 
such closeness that it resembles an old wall in ruins. The texture of the gneiss 
resembles that of basalt, but the fracture is more conchoidal. It was this mass 
that gave the cataract its name. Thence on to the cataract of the Trez 
tmaos, which is 44 kilometres distant, the river continues studded with rocks, 
principally on the left-hand side.’ ; 

T saw no evidence of the occurrence of volcanic rocks at Paredao, or any- 
thing in the nature of an abyss. Col. Church (‘The Route to Bolivia via the 
River Amazon’ 1877, p. 188) says that ‘the granitic formation which bars the 
river is very coarse and highly feldspathic. Large crystals of feldspar, several 
inches in length, are disseminated through the rock, and where the floods have 
worn them they are as smooth as glass.’ 

1 See post, p. 121. 
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have taken place to some extent under water, although it is very 
doubtful whether such is the case. 


From the cataract of Paredao to that of Trez Irmaos (the Three 
Brothers), crystalline rocks occasionally appear in the river-bed, and 
hills are usually visible, mainly on the left (north) of the river, which 
has no doubt been gradually shifting its course to the convex side of 
the bend, while a tract of alluvial ground has been left on the concave 
margin. 


The cataract of the Trez Irmaos owes its name to three hills 
on the left of the river, in continuation of the ridge which is traversed 
by the Madeira at this point.) We passed without landing, and 
continued our way down the river in a roughly north-east direction 
to the cataract known as Salto do Girao (Leap of the Whirl- 
pool). Here the river, which had expanded shortly before to a width 
of 24 miles, is contracted. by hills, and passes over a fall 25 feet high 
in two channels, one 300 yards and the other only some 10 yards in 
width, when the water is low, as it was when I saw it.’ 

The rocks exposed in the falls were, so far as I was able to examine 
them, fairly uniform in grain, showing a reddish-brown felspar with 
a few dark blebs of quartz, apparently without a trace of schistose 
structure (M 7, Pl. V, fig. 3; specific gravity =2°58 to 2°63). 

Under the microscope large crystals of plagioclase-felspar are 
seen, sometimes measuring as much as from 2 to 3 millimetres in 
diameter. Insome cases they are traversed by a labyrinth of opaque 
or semi-opaque material, grey or reddish-grey by reflected light. 
This structure shows everywhere rectilinear outlines, parallel to 
the two directions of the lamellar twinning which is visible, in the 
clearer less-decomposed portions, between crossed nicols. The 
whole structure resembles masonry of stones of various sizes, but 
with their edges parallel in two directions. ‘The extinctions in the 
zone of the macrodiagonal approach 20°, while the refractive index 
is distinctly lower than quartz, so that the felspar appears to be 
albite. Some felspars show only traces of twin lamellation, and still 
others, although full of small areas where the relative retardation 
is somewhat less than elsewhere (presumably on account of incipient 
decomposition), extinguish quite uniformly; they are, therefore, 
probably orthoclase. 

There are a certain number of large porphyritic quartz-grains, 
which appear to have been attacked by the magma after their 
formation and rounded or eroded into cavities. 

1 + On the river. Trez Irmaos or Mutum Parana, says Col. Church (‘The 
Route to Bolivia via the River Amazon’ 1877, p. 188), ‘ 1 found the granite- 
rock cropping out at several points, but nowhere above the bank of the river 
to the point we ascended, a league up.’ 

2 Col. Church (loc. cit. & Diary) states that his party caught sight of five 
little detached hills, from 80 to 150 feet high, forming a group about a mile 
east of Girdo, but saw nothing farther eastward or north-eastward. One of 
his men told him that, some years before, he had penetrated beyond these hills 
2 or 3miles farther east, and that the country now and then had a gentle 
rise a’ high as his head, but was yirtually a great plain extending northward 
and southward. 
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Hornblende is the principal and the only original, coloured con- 
stituent. The crystals are usually very irregular in shape, often 
branching. In many cases there is a border which apparently 
differs in composition from the interior, the latter representing an 
earlier period of crystallization. Sometimes the earlier crystal 
appears to have been worn, or altered into chlorite or other 
decomposition-products, before the later was deposited ; in other 
cases, the centre appears to consist of flakes of hornblende, pseudo- 
morphous after another mineral, perhaps augite. Occasionally the 
outer and inner portions are in crystalline continuity with one 
another, although the extinctions and other physical characters are 
different; but, in the majority of cases, the cleavage of the two 
seems to stand in no definite relation, so that they appear to 
be crystallographically independent, and yet the whole or the 
greater part of the outer shell extinguishes together and forms part 
of one crystal. 

The birefringence of the two portions is different. In one case 
the rate of relative retardation in the section of the interior is 
about 20 thousandths (-020), but is rather less in the neighbourhood 
of the cleavage, where a certain amount of decomposition appears 
to have set in; while in the exterior hornblende the index is only 
15 thousandths (015). The angle of extinction with the vertical 
cleavages is very small in the interior portions, while it is sometimes 
as much as 32° in the exterior. The pleochroism is widely different, 
the centre changing from greenish-yellow to yellowish-green, while 
the outside shows different shades of bluish-green. 

Numerous inclusions of apatite occur in the hornblendes and 
other porphyritic crystals. 

The remainder of the rock consists of a fine-grained ground- 
mass. It occurs more particularly surrounding the porphyritic 
quartz, and penetrating into its cavities. The chief constituent is 
quartz in minute, idiomorphic, bipyramidal crystals, containing 
occasional inclusions of apatite as well as small, colourless, isotropic, 
negative crystals, probably of glass. Felspars are also numerous, 
sometimes clear, and sometimes grey and cloudy from minute 
inclusions. ‘They rarely show signs of twin-lamellation, but their 
refractive indices are usually well below that of Canada-balsam, 
and they are probably in most cases orthoclase. Micropegmatitic 
structure is visible, and in some cases it occurs as a border round 
the porphyritic quartz-crystals, with which the pegmatitic quartz 
is in crystalline continuity. Some comparatively-large grains of 
magnetite are surrounded by hornblende, no doubt contem- 
poraneous with the exterior zone of the porphyritic hornblende, 
and there are areas where there is a poikilitic mixture of a pale- 
green hornblende, showing slight but distinct pleochroism, and 
felspar. In other places there are feathery aggregates of horn- 
blende-microlites. Some ill-defined grey areas show a reddish 
appearance by reflected light. 

The alteration of the interior of the porphyritic hornblendes and 
the corrosion of the quartz seem to indicate that they were formed 
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at a period long anterior to the crystallization of the groundmass. 
But, during each period of crystallization, the quartz seems to have 
been one of the earliest minerals to crystallize out. 

This rock was analysed by Mr. George 8. Blake, of the Scientific 
Department of the Imperial Institute, with the following result. 
The second column shows the proportions of the molecules of the 
different constituents, obtained by dividing the percentage by the 
molecular weight. 


Percentage Molecular 

composition. proportions. 
SLO Geeta rentnes 69°58 11597 
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Sper a eee sae ae aa 0-19 -0059 
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HO above 100°C. ... 0°78 0433 
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From a consideration of the porphyritic minerals alone the 
rock might be classed as a quartz-hornblende-porphyrite (diorite- 
porphyry); but the orthoclase in the matrix and the alkalies shown 
by the analysis prove it to be more nearly allied to quartz-felsite 

granite-porphyry). It probably forms part of a large 
intrusion. Rocks of similar composition and granitic structure have 
been described as granite, egirine-granite, and granitite. 

The rock from the Salto do Girdo is rather poorer in alumina 
than most rocks with the same percentage of silica. It falls within 
the group (subrang) toscanose of the American quantitative 
classification.’ 


Some 3 miles below the Salto do Girdo is another cataract, known 
as the Caldeirado do Inferno or Cauldron of Hell. Here the 
river, instead of narrowing, spreads out into numerous branches 
which flow in rocky channels. The prevailing rock is similar at 
first sight to that which is exposed at the Salto do Girdo. It is 
mainly composed of bright-red felspar, with areas of grey rounded 
quartz, and here and there specks of a dark-green mineral. 

Under the microscope (M 8) this rock appears to be fairly coarse, 
erystals of 1°5 millimetres in diameter being frequent. There is 


1 Whitman Cross, J. P. Iddings, L. V. Pirsson, & H. S. Washington, 
‘Quantitative Classification of Igneous Rocks’ Chicago, 1903. This classi- 
fication is so widely used in America that it cannot be ignored, but there 
appear to be grave reasons against its general adoption. 
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abundant microperthite much altered, being greyish by transmitted 
and yellowish-red by reflected light, and occasional small crystals 
of orthoclase showing Carlsbad-twinning, as well as much albite 
which is less altered. The latter contains numerous inclusions 
of a rodlike substance with extinction parallel to its length, which 
is the direction of vibration of the slower ray. It has a bire- 
fringence, or rate of relative retardation, of about 17 thousandths 
(017), and is apparently a hydrous mica. ‘ a 

The quartz appears to be everywhere allotriomorphic, and is in 
many cases secondary, filling up cracks in other minerals. Biotite 
is also present, more or less altered into chlorite, and there is a 
little epidote. Veins of quartz occur in the rock. 


The river now follows a winding course for some 50 or 60 miles 
through alluvial country, until another range of hills of crystalline 
rocks is passed at the cataract of Morrinhos, a name which 
signifies ‘ small mountains.’ 

Here are two rocky reefs, through which the stream forces its 
way. We landed at the second, and I was able to examine the 
rock (M9). In hand-specimens it appears to be a fine-grained 
aggregate of brownish-red felspar. Under the microscope it is 
seen to be an acid granulite. The constituents have an average 
diameter of 0°25 mm. Many are well-rounded. Larger crystals 
occasionally occur. There is abundant plagioclase; the twinning, 
however, is in many cases but feebly developed. It is apparently 
albite. This felspar rarely exceeds the size that I have mentioned, 
but microcline, which is very common, sometimes occurs in erystals 
1:5 millimetres in diameter. Microperthite is less frequent, but is 
occasionally found in comparatively-large crystals. There is much 
quartz, both in large individuals with irregular boundaries and 
in small rounded grains often minute, sometimes wedged in between 
the other crystals, and sometimes occurring as inclusions in them. 
In afew cases the grains exhibit traces of a crystalline outline, 
and the extinctions show them to be truly idiomorphic. There 
is a little green mica, representing biotite that has more or less 
passed into chlorite, and has an index of relative retardation of 
only about 8:2 thousandths (-0082). Magnetite has also resulted 
from the same decomposition. Some small sphenes are visible, as 
well as pyrites passing into hematite. 


Some 15 miles below Morrinhos is the cataract of Theotonio, 
where the river passes a broad and lofty ridge in a contracted 
channel like that at the Salto do Girdo. 

There are two successive falls, the total drop being 25 feet. 
Each appears to correspond to a reef of hard rock that traverses 
the river. Below the second fall is another reef with a narrow 
opening, through which the stream flows with a strong current, 
When the water is low, as at the time of my visit, an expanse of 
bare rock is exposed to view, and in it the structure is well seen. 

The prevailing rock-type appears megascopically to be a fine- 
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grained syenite with a brownish tint. Under the microscope the 
rock (M12; specific gravity = 2°69) seems to be mainly composed of 
felspars ranging up to a millimetre in diameter, the commonest being 
an acid oligoclase with very fine twin-lamellation. Microcline and 
microperthite are also present, but there is very little quartz. 
There are traces of a pleochroic brown augite, now more or less 
decomposed. A green hornblende of later formation, with a 
maximum extinction of about 24°, appears to have been partly 
formed from the decomposition of the augite. Sphene, hematite, 
magnetite, chlorite, and epidote are also present, in most cases as 
alteration-products. 

The syenite is intersected by a vein of coarsely-crystalline rock 
mainly composed of dull-red felspar, chiefly microperthite. There 
is a considerable quantity of quartz, interstitial or in large grains, 
occasionally occurring as rounded or idiomorphic inclusions in 
the felspar, and a little dark-green hornblende which is much 
decomposed. A number of well-developed zircons are also present. 

There are also veins (M 11, Pl. V, fig. 4; specific gravity = 2°79 to 
2°84) with a groundmass that is aphanitic to the naked eye, and small 
porphyritic crystals of felspar up to about a millimetre in diameter. 
On microscopical examination these prove to be an acid labradorite. 
Lath-like in section, they appear to form plates developed parallel to 
the brachypinakoid, or prisms parallel to the clinodiagonal. They 
are, to a considerable extent, altered into colourless decomposition- 
products. These are linear, blade-like, or lenticular in shape, as 
seen in thin sections, and usually fibrous and feathery in appearance. 
They often lie obliquely to the length of the felspar-sections. The 
direction of extinction corresponding to the vibrations with the 
less velocity is usually parallel with the length or fibrous structure. 
The birefringence is sometimes as much as 19 thousandths (019). 
The refractive index appears to be higher than that of the felspar 
(say 1557), or of a mixture of cedar-oil and mono bromo naphtha- 
lene, with a refractive index of rather less than 1:57. It is, on the 
other hand, lower than that of the slower (ordinary) vibrations 
of the mineral allied to calcite, referred to below, or than that of 
monobromonaphthalene, 1°66. These determinations were made 
by the Becke method. Im the case of the mixture and the mono- 
bromonaphthalene, a drop of the liquid was placed on the edge 
of the uncovered section that was free from Canada-balsam, and 
the Becke method was applied to the marginal crystals. 

After treatment with hydrochloric acid and washing, the mineral 
was not stained by a solution of rhodamine, thus showing an 
absence of silicates yielding gelatinous silica when treated with acids. 
But, on drying in a hot air-bath, and then moistening with a 
solution of rhodamine, a stain was produced showing it to be a 
hydrous silicate. 

From the foregoing characters I believe these alteration-products 
to consist of a hydrous mica, probably paragonite. 

In a few cases a mineral, which is similar in general appearance, 
seems to have an oblique extinction, the angle between the length and 
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the direction of vibration of the slower wave-front being sometimes 
as much as 26°. It is possible that this is a secondary hornblende. 

Porphyritic crystals of what once was olivine also occur here and 
there. ‘They are altered partly to a mineral of the calcite-group, 
similar to that described below, and partly to another mineral more 
or less linear in section, with straight extinction and a birefringence 
rather higher than the alteration-products of the felspar above 
mentioned; it is not improbably phlogopite. Some serpentine may 
also occur, but the whole forms a complex of ill-defined minerals, 
the determination of which presents considerable difficulties. 

The most remarkable feature of the rock is the presence of a 
number of spherical spaces up to 300 microns (0°3 mm.) in diameter. 
These are occupied by at least two different materials in more 
or less regular succession. Near the walls is a mass of irregular 
spherulites ranging up to a diameter of about 20 microns. They con- 
sist of radiating flakes of a pale-green mineral, with low birefringence 
and parallel or almost parallel extinction. The direction of vibration 
of the slower wave-front is parallel to the length of the sections 
of the flakes. The refractive index is well over that of the felspar 
and the mixture already mentioned, and lower than the mono bromo- 
naphthalene. The birefringence does not exceed 4 thousandths 
(004). The mineral was strongly stained with rhodamine, both after 
drying in an air-bath and after treatment with hydrochloric acid. 
In spite of the deficiency in the pleochroism, I believe it to be a 
member of the chlorite group, probably the ferruginous species 
delessite. It presents a botryoidal contour towards the interior, 
which is filled with a transparent carbonate of the calcite-group. 
It was attacked by a fairly-strong solution of hydrochloric acid, but 
gave no stain with a solution of ferric chloride: this last reaction 
indicating the absence of simple calcium-carbonate. 

Between the carbonate and the chlorite is a kind of granular 
selvage, representing the overlapping of the two.' The association 
of carbonates allied to calcite and chlorite is well known in hand- 
specimens. Occasionally, however, ill-defined patches with higher 
birefringence than the chlorite are seen. They may, perhaps, be 
flakes of hydrous mica similar to those noticed in the felspar. 

These cavities appear to have been originally formed by the ex- 
pansion of steam; subsequently, the chlorite formed round the inner 
surface, the centre of which was ultimately filled with carbonates. 
They seem to be analogous to the similar structures in pyromerides. 

The groundmass of the rock presents some points of interest. 


1 Tt is interesting to note that, when the lower nicol is so placed as to allow 
the vibrations of the slower wave-front of the carbonate to pass, the irregu- 
larities of its upper surface are clearly seen, its refractive index being much 
higher than that of the balsam or oil with which it is covered ; while, where the 
chlorite is overlain by the transparent carbonate, the boundary between them ~ 
is but feebly marked, the difference between the refractive indices being 
comparatively small. On the other hand, when the faster vibrations with 
lower refractive index are allowed to pass, the surface of the carbonate appears 
smooth while the variations in the surface of the chlorite are well seen. In 
the former case, well-marked parallel fissures in the carbonate are sometimes 
visible which are more marked than ordinary cleayage-cracks. 
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The most conspicuous constituents are small felspars in lath-like 
sections, rather narrower in proportion to the length than in the 
case of the porphyritic crystals. They are generally less altered, 
although it is difficult to say why that should be so. Between 
them are numerous rodlike crystals, brownish-green in colour, and 
having usually oblique extinction. The angle between the direction 
of vibration of the slower wave-front with the length varies from 
59° to 90°, according to the position of the section. The relative 
retardation is small, but this is largely due to the fact that the 
mineral, when lying parallel to the surface of the section, does 
not occupy the whole thickness, The pleochroism is feeble, the 
greatest absorption being usually, but not always, in the direction 
of the length. Approximately-rectangular sections appear to be 
fairly common, and have extinctions parallel to the diagonals. The 
mineral is probably a pyroxene. It resembles acmite in external 
form and in colour, but is allied in its optical characters to egirine- 
augite. It appears to-be altered in places, partly into opaque 
ferruginous products, partly into micaceous material similar to 
that derived from the alteration of the olivine. 

Scattered about through the mass are numerous small crystals 
and rounded grains of magnetite, and probably ilmenite. The 
interspaces are filied with a glass-like material, which probably 
represents an original glass; it is usually feebly anisotropic in 
ill-defined bands, and may consist either of analcime or of a secondary 
glass. In it are numerous colourless needles, which appear to be 
identical with the larger similar crystals which I have identified as 
egirine-augite. Similar needles are also occasionally found in 
some of the felspars. 

The rock was analysed by Mr. G. 8. Blake, with the following 


result :— 
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The carbon-dioxide was determined, by taking the difference 
between the total loss on ignition and the amount of water present. 
Subsequently, au analysis was made of that portion of the rock 
which is dissolved on boiling for a short time with 50 per cent. 
hydrochloric acid, The alkalies were not determined, and the iron 
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was estimated as ferric oxide, although much of it must have been 
present in the ferrous state. 


Percentages. Molecular proportions. 
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The material analysed appears to contain rather less carbon- 
dioxide, and more iron, than that dealt with in the general analysis. 
The silica taken up probably represents only a small proportion of 
that which is present in the silicates attacked by the acid, the rest 
remaining as gelatinous silica. 

The chlorite (delessite) will account for most of the dissolved or 
gelatinous silica and the alumina, as well as for much of the iron- 
oxide and magnesia. Some of the iron-oxide is no doubt derived 
from the solution of the magnetite. The rest of the iron-oxide, 
magnesia, and lime, is derived from the carbonate, which is appar- 
ently a variety of ankerite. The labradorite and micas were, no 
doubt, also attacked to some extent by the acid. 

The large amount of carbon-dioxide present shows that the 
rock has undergone considerable alteration, thus confirming the 
microscopical observations. Comparatively-little water is present, 
much less than if the olivine had undergone the usual process of 
serpentinization. Part of the bases appear to have been removed 
from the orthosilicates (olivine and the anorthite-portion of the 
labradorite), and accumulated as carbonates in the cavities. Some 
silica and alkalies may have been lost; but, on the whole, the chemical 
composition of the rock after the subtraction of carbonic acid and 
water will, I believe, represent very fairly its original composition. 

According to the American classification, the rock would in that 

case be an andose. Its analysis is very similar to those yielded by 
basalts from Kilauea (Hawaii) and Ferdinandea Island (Graham 
Sunken Island) between Pantellaria and Sicily.’ 
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Kilauea. Ferdinandea Id. Without H,O & CO,. 
SLO Braces -fecannacaces 48°71 49-24 48: O4 
TRI Over rmens. caster 181 ao 0°36 
ae AR Seite AA 18-87 19-06 19°66 
6 Ose teeth sec reek 318 ; MAE 4:46 ea 
TOse cen 3-00 f Ul 18 10:38 | 1210 733 | 178 
Mp O vamrrcoroniecee.. 4°85 5-00 B84 
ORK OES Aa reananan cans 9:87 8°75 8:39 
IKE Oper erecutenen aah 1:52 1:19 1:50 
Ns Obes) ae 4-15 389 3-96 
15 HO Yer tec ecmpecote uae 0°63 Mn 0°32? 
100-96 99°86 100-00 


‘ ae 8. Wieeierton, s Chemical Analyses of fens Rocke: U. 8. Gant ‘Sane 
Prof. Paper No. 4 (1903) p. 282. With S=0:13 & F=0°04; less O=0:02. 
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The original rock at Theotonio appears to have been a glassy 
aegirine-augite-olivine-basalt containing minute steam- 
cavities. These last furnish evidence that, at the time of the con- 
solidation of the basalt, the syenite into which it was intruded was 
at no great distance below the surface, although there is every reason 
to believe that originally it solidified at a considerable depth. A 
considerable amount of erosion must have occurred, and a long 
period of time must have elapsed in the interval. 


Another dyke (M 10) has a minutely-granular appearance in 
hand-specimens. Under the microscope, it proves to consist of a 
holocrystalline mixture of felspar and hornblende, the amount of 
the latter being about a filth of that of the former. The pre- 
dominunt felspar appears to be microperthite, though microcline, 
microcline-perthite, and albite-oligoclase are also present. Most 
of the felspars vary between ‘1 and ‘2 millimetre in diameter, but 
occasional crystals reach or exceed a millimetre. Quartz is only 
represented by a few small sporadic grains. 

There appear to be two generations of hornblende: the older has 
a green and yellow pleochroism, is more or less equally developed 
in all directions, and sometimes measures a millimetre across. The 
angle between the direction of extinction and the vertical axis 
reaches a maximum of about 18°. 

The hornblende that crystallized out later shows pale and dark 
shades of green. It occurs in long needles or thin plates; these 
are sometimes independent, and exhibit sections which occasionally 
reach a millimetre in length, and sometimes are in crystalline 
continuity with the older hornblendes, although extinguishing at a 
lower angle, which does not appear to exceed 6°. In some cases, 
a number of these later hornblendes show parallelism with one 
another— being all connected together, so as to form a branching 
comb-like structure, of which one of the older crystals may 
constitute a part; the connection may not, however, be visible in 
the slide. 

There are a few flakes of dark mica, and numerous small prisms 
of apatite. Sphene and magnetite are not uncommon. 

The rock may be described as a fine-grained syenite rich 
in soda. 

Except in the immediate neighbourhood of the river, the rock 
of the ridge that gives rise to the cataract is altered for a depth of 
several feet to an argillaceous material, probably laterite. A similar 
but less extensive change has taken place at some of the other 
cataracts. 


Beyond the cataract of Theotonio we passed that of Macacos, but 
did not land, and before long reached the last cataract of the 
Madeira, that of Aroyd or Aroeira. It was at one time known as 
Sao Juan, but is usually referred to at the present day as the 
cataract of Santo Antonio, from the settlement of that name in 
the immediate neighbourhood. 


Q.J.G.8. No. 245. I 


114 DR. J. W. EVANS ON THE ROCKS OF THE [Feb. 1906, 


Here, as at the Caldeirao do Inferno, the river separates into a 
number of rocky channels which, after a fall of 4 feet, reunite in 
the pool below the cataract, where the steamers that ascend the 
river from the Amazon are moored. 

The rock (M 13) is a coarse and handsome granite, with large 
red felspars occasionally showing Carlsbad-twinning and traces of 
perthitic structure. They sometimes measure 2 centimetres or more 
in diameter. There are smaller crystals of white felspar, abundant 
grey quartz, and a little black mica. 

Under the microscope, the predominant felspar is seen to be 
a maicrocline-microperthite, in which the albite occurs either in 
more or less linear enclosures, or in broader rectangular or irregular 
patches connected by fine veins. Independent albite is found, and 
orthoclase is also present. 

Quartz occurs in allotriomorphic masses constituting about a 
fifth of the rock. In some places, in the intervals between the 
larger crystals, there is an aggregate of small rounded grains, most 
of which are albite, although a little quartz also occurs, and the 
whole has a granulitic facies. There are a few crystals of biotite, 
and a little green hornblende with low angle of extinction and low 
birefringence; it sometimes occurs in micrographic relation with 
the orthoclase. 

At one point are some small 

Fig. 3.— Section of twin- crystals of a tetragonal mineral with 
crystal of allanite (x51 very low birefringence. They show 
diameters). well-marked lines of growth, and 
may be altered zircons. There is 
also an obliquely-cruciform twin 
of another mineral, apparently 
monoclinic (see fig. 3), which I 
believe to be allanite (orthite). 
At some points it is dark brownish- 
yellow and more or less turbid, 
at others it is pale yellow. The 
distribution of the colours is ir- 
regular, but the latter usually occurs 
as a border to the former. The 
angles seen in the section are near 
those of the combination of the 
forms 001, 100, and 101 of allanite. 
The plane of twinning appears 
[Some of the smaller faces areim- to be the face 101.2 This is 
perfectly developed in the original. ] approximately the direction of yi- 
bration of the wave-front (a’) with 

greater velocity, and the position of extinction is almost identical 
in the two portions of the twin. The same direction is also that 
of greatest absorption, but the pleochroism is very feeble. The 


" I believe that twinning on this face has not been previously recorded, 
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birefringence or relative retardation per unit of length amounts to 
11 thousandths in the pale portions, and 18 thousandths in the 
darker. An examination of the figure in convergent light appears 
to show that the optic axial (binormal) plane is at right-angles to 
the plane of symmetry and approximately coincident with the 
plane of twinning; and that the acute bisectrix is in the plane 
of symmetry, and is the direction a of vibrations giving the greatest 
velocity, while ¢, here the obtuse bisectrix, is the orthodiagonal. 
The optical sign is, therefore, negative. ‘The section appears to be 
practically at right-angles to the optic axial plane, but is inclined 
to the plane of symmetry. The optical characters of the crystals 
agree with that described by Prof. W. C. Brégger, from Sognsvand 
(Norway), but differ from most of the others that have been 
examined, which have the optic axial plane in the plane of 
symmetry and the optic normal 6 coinciding with the ortho- 
diagonal.’ 


Below the pool, about half a mile from the :foot of the cataracts, 
is another reef of crystalline rocks, which has now, howeyer, 
ceased to interfere seriously with the flow of the river. The 
greater portion of the rocks that appear above the surface here 
consist of a fine-grained aggregate of grey quartz and pinkish 
felspar, with a few grains of black mica visible with a lens (M 14; 
specific gravity = 2°64). 

In thin sections of the rock (M 14) the microscope shows it to 
be very similar in character, except in fineness of grain, to the rock 
of the cataract itself. There is a considerable amount of microcline 
and orthoclase, the latter having in many cases microperthitic 
inclusions of albite. Independent albite also occurs, A little 
biotite is present, showing strong pleochroism. It has dark areas 
round inclusions of apatite, but these are rather less pleochroic 
than the rest of the mineral. Small crystals of apatite also occur 
throughout the rock, and occasionally fluorspar is seen filling the 
interstices between other minerals; it is usually colourless, but 
sometimes shows violet patches. 

At a few points there is a band of crushed material between 
adjoining crystals, but except for this and an occasional undulose 
extinction there is no indication of gneissose structure. 

The average diameter of the principal minerals is about a 
third of a millimetre, but many crystals exceed a millimetre in 
diameter. 


1 Zeitschr. fiir Krystallogr. vol. xvi (1890) special part, p. 95. The character 
of the movement, of the isogyr (the dark brush in convergent polarized light) 
is sufficient to show that the optic axial plane intersects the section, practically 
at right-angles, in the direction of the vibration a’; see F. Becke, ‘ Die Skio- 
dromen’ T'scherm. Min. & Petr. Mitth. vol. xxiv (1905) pp. 19, 26. This 
specimen also appears to agree with the Sognsvand variety, in having the 
pleochroism ¢> a> (namely, with the least absorption in the direction of the 
optic normal), while the other forms have ¢>6 >a. 
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A number of traverses were made through a microsection, in 
order to estimate the volumetric composition of the rock by the 
method of Rosiwal,’ who showed that the volumes of the different 
minerals are proportional to the sums of their intercepts on any 
line or lines drawn through the rock, if the number of minerals 
traversed be sufficient.” It was found that, out of a total length of 
52-26 millimetres, the sums of the intercepts of the different 


minerals were as follows :— & 
QU aNtZ pe wceenteraneancencetaceenat 20°09 
Orthoclase® Gy.ceene ee ences 13°37 ) 3 
Microclitiem essence tied 9°35 
Allbitew sceu.ctosetscetueneeseeees 6:22 
‘Biotitessnccseeaea caer: 314 
Apatite (estimated) ............... 0:04 
luor (estimated) Vresensceeracce 0:05 
52°26 


These figures represent, therefore, volumetric proportions of the 
minerals. Classing microcline with orthoclase, and allowing for 
anorthite in the albite, the minerals are reduced to those shown in 
the first column of the next table. The figures in the second 
column represent the volumetric proportions in which they are 
present. Multiplying these by the densities (taking that of ortho- 
clase as unity) given in the third column, we obtain the amounts 
in the fourth column, which represent the proportions by weight of 
the same minerals. In the last column these are recalculated as 
percentages. 


Volumetric Density Gravimetric Percentage 
proportions. (orthoclase=1). proportions. Min. Compos. 

Orthoclase ... 22°72 1:00 22°72 42°19 
FAN DILOmsecnere 5°78 1:03 5°95 11-05 
Anorthite...... 0:44 1-08 0-48 0:89 
QuartZisceras: 20:09 1:04 20°89 38°79 

Biotite .....-..- 314 118 371 6:89" 
IQIIXGE Saanscuen 0:04 1:24 0:05 0:09 
Apatite,......... 0:05 1:28 0:06 O11 
Totals ...... 52°26 53°86 100:01 
—=_ ———— — 


The chemical composition of the rock may now be calculated from 
that of the minerals. The composition of the biotite is assumed to 
be that of the mineral from El Capitan, Yosemite Valley, the analysis 


* Verhandl. d. Geol. Reichsanst. 1898, pp. 143 ef segg.; ‘The Quantitative 
Classification of Igneous Rocks’ 1903, p. 204; J. P. Iddings, Journal of 
Geology, vol. xii (1904) p. 225; and Ira A. Williams, ‘ American Geologist” 
vol. xxxv (1905) p..34. 

? The line must, I need scarcely say, not be so traced as to pass through one 
class of constituents rather than another. 


* These contain, in some cases, microperthitic inclusions of albite. 
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of which is given in column (a) of Table XIV of the ‘ Quantitative 
Classification of Igneous Rocks’ Chicago, 1903. 


| 


} 


| | 
- ; | | Percentage 
Percentage rtho-| 4. | Anorth- Bio- | 5, Apat- | Chemical | 
ere | clase. Pe ite. LTE tite. | Alor. he. | Conrposit. 
Composition 42°19 | 11:05 | 0:89 | 38879 | 6:89 0-09} O11 100:02 | 
SiG )s weasenaneene 27°32| 759 | 0:38 | 88:79 | 2°48 an 76°56 
NIN serene ee T74| 215 | 0:33 Sus 1:30, fees 11°52 
BOLOPS Faeries. been |e sae 0°39 | sist 0°39 
EHC Ogbececheniasters| Ee sl ee | 1:02 | eee 1:02 
sO nO Saeenopetee Soy Rone 0-06 0-06 
Mie OM iran. reece nr ee Ae | O63 eee i 0°68 
CaO err cec: s A 0-18 | O04; 0:06) 0:06 0°34 
KC Ore caaect ee TPANBSN ses Bie | O64) on TTT 
NSB O} fee5tcimer : 1:31 | 0:03 mc 134 
ANKO) Rn eter bee | 0-08 | a 0-08 
One re  s| eet ican Mlegivatmiila y CCN 
So Saccea eye | | | | 0:02) 0-04} trace | 0-06 
H,O(combined) | 0-18 a: | 0:18 
Less re- | | Ae aD ANG 
or cod by Ft | , L- . |-001|—-002| ... || —008 
14219 11-05, 0:39 | 38-79 | oo 0-08 O11! 10002 


An analysis was subsequently made of this rock by Mr. G. 8. 
Blake, with the following result :— 


F 


Total 


AO eee ee eee tee e weenie 


H,O above 100° O 
Tal Overt dU 0 Cesta upaborcee 
Less O replaced by F 


Percentage 
composition. 


Molecular 
proportions. 
1:2351 


0-1284 
0-0046 
00178 
00006 
0-0045 
0:0004 
0-0013 
00125 
00537 
00573 
0:0007 
00015 
00044 
0:0517 


These figures correspond fairly well with the calculated com- 
position, except in the case of the alkalies. 


The total molecular 
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amount of alkalies present is nearly the same in both cases, there 
being ‘111 molecule in the actual analysis and 104 in that calcu- 
lated from the microscopic measurements; but, whereas there are 
‘054 molecule of potash and ‘057 of soda in the former, the 
calculated amounts were ‘087 and ‘014. It is evident that the 
orthoclase and microcline contained a considerable amount of soda 
—either in microperthitic inclusions, or simply replacing potash in 
the orthoclase and microcline. ‘The albite also appears to approach 
more closely to oligoclase than was supposed. 

This is the typical composition of a granite fairly rich in soda and 
lime. Granitie rocks with a closely-similar composition have been 
described as granitite. It is included in the subrang liparose 
of the American classification. 


Only some 20 yards or so on the up-stream side of the islands 
where the rock last described was exposed, is a small grey rock 
(M 15, Pl. V, figs. 5 & 6; specific gravity =2°63 to 2°69), visible 
only when the river is low. In hand-specimens this presents a 
saccharoidal appearance like a crystalline limestone. In colour it 
shows various shades of dull green arranged in lamine, so that 
it has a distinctly-streaky appearance. Under the microscope, it 
is seen to have in most places the characteristic structure of a 
eranulite—consisting of an aggregate of small, more or less rounded 
grains of quartz and microcline with a considerable amount of 
felspar, which only occasionally shows twin-lamellation, but is 
probably in most cases albite. Some of the grains of quartz appear 
to be idiomorphic. ‘The average diameter of the minerals is about 
50 microns (0:05 millimetre). A few larger crystals of albite are 
met with, containing numerous needle-like inclusions, which have a 
birefringence of more than 11 thousandths. The faster vibrations 
of these inclusions are at right-angles to the length, and they are 
perhaps a hydrous mica. 

There are numerous crystals of a pale-green granular augite, 
usually comparable in size and shape with the quartz and felspar 
described above, although a few may measure half a millimetre in 
diameter. ‘They show little pleochroism. Some of the individuals, 
especially those’ sections which are near the clinopinakoid, are not 
quite dark in the position of extinction. This is presumably due 
to the dispersion of the bisectrices for the different colours. The 
birefringence reaches 20 thousandths. 

There are also occasional crystals of sphene, which are strongly 
pleochroic, changing from a pale grey-green (something like that 
of the augite) to a dull orange. The birefringence exceeds 85 
thousandths. 

Hornblende occurs in small lath-shaped crystals or elongated 
plates, with an extinction-angle not exceeding 19°. It is strongly 
pleochroic, changing between a pale green, identical with that of 
the augite, and a deep blue-green. 


In some places there are extensive aggregates of felspar, of much 
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larger size, measuring occasionally as much as a millimetre in 
diameter. They are separated by irregular jagged boundaries. At 
certain points they show the cross-lamellation characteristic of 
microcline, but in an ill-defined form; elsewhere the extinction 
often occurs in patches and streaks. The index of refraction is 
lower than that of quartz or albite, and there seems to be little 
doubt that these felspar-aggregates are to be referred to transitional 
forms between orthoclase and microcline. In these felspars, the 
smaller rounded constituents of the rock are embedded as in a glassy 
matrix, and at the same time recall the enclosures of blebs and 
rounded crystals of quartz (and occasionally microcline) in the 
felspars of the rocks of other cataracts. 


An analysis by Mr. G. 8. Blake showed the rock to have the 
following composition ;— 


Percentage Molecular 

composition. proportion, 
SiO sy uasecortonenterlsrasaes. 69-41 1:1568 
UN ORS es atectaeneccnercm asters 0°20 0:0025 
AU OR cette i sarnenensconee eae 12°83 0-1258 
HG; Os eesaaiec set atone eon ee’ 1-06 0-0066 
GOW acs doth eater ees 2°48 0:0344 
Vin Orn ene naenercie recat: 0-12 00017 
INS Ome snc deetece cere: O71 O-0177 
CA OMAR ER cccncceetcoare cece 4:73 00845 
KO) Bhamtseonaescocthee scene 525 00559 
INaROg Be cere conacernts 3:13 0:0505 
HO above 100° C. ...... 018 0:0100 
HO at 00? Core oeeacnss Oll 

Rotalln eee ce cecdes 100°21 


It belongs to the subrang adamellose of the American classifi- 
cation, and corresponds in chemical composition to the alkali- 
granites of ordinary nomenclature. 


(5) The Granulites and their Genesis. 


It will be seen that, in one way or another, the great majority of 
the rocks of the cataracts are characterized by the presence of the 
small rounded crystals or blebs which are typical of the granulites. 
But the extent to which this structure is developed varies consider- 
ably from point to point. In some cases it prevails to the exclusion 
of any other, while in others it is only characteristic of a portion, 
sometimes but a small portion of the rock, the rest of which is 
formed by larger and unrounded crystals such as are found in a 
normally-developed holocrystalline rock. These appear to have 
been formed at a subsequent date, when the crystallization of the 
semi-consolidated rock continued and was completed under changed 
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conditions. Occasionally these later crystals appear to have pushed 
aside the granulitic element, as is sometimes the case in the rocks of 
Morrinhos and Santo Antonio, but more usually they have, in the 
course of their formation, enveloped the pre-existent granules which 
are now found embedded in them. In some cases, the granulitic 
phase appears to have been of comparatively-short duration ; 
in others, the greater part, if not the whole, of the rock must 
have separated out before the conditions allowed of the develop- 
ment of the granitic structure. Sometimes the granulitic forms 
pass, by intermediate gradations, into those of the normal idiomorphic 
or hypidiomorphic granitic type; sometimes there is an abrupt 
change from one to the other. 

In ordinary granitic rocks the quartz is the last mineral to 
crystallize, and has no crystalline boundaries of its own, being 
entirely allotriomorphic ; but, throughout the granulitic element in 
the rocks which I am describing, a large proportion of the quartz 
shows idiomorphic boundaries, rounded it is true, but still recog- 
nizable. This is most clearly seen where the quartz-granules occur 
as inclusions in felspar, but it can be recognized even where the 
whole rock is made up of granulitic crystals. 

Idiomorphic quartz is also found in many volcanic and dyke- 
rocks where the quartz appears to have crystallized out at least 
as eatly as the felspars. The most probable explanation of the 
difference in the order of crystallization in these and deep-seated 
granulitic rocks, is that it depends on the pressure to which the 
magma is subjected.!. We may, therefore, reasonably suppose that 
the granulitic rocks of the cataracts crystallized at first under com- 
paratively low pressure, and were subjected to long-continued earth- 
movements, which ground together and rounded the crystals during 
the course of their formation, or in the period immediately succeeding 
it ; although the superior hardness of the quartz enabled it to retain, 
in some cases at least, traces of its crystal-outline. The finer débris 
resulting from the process of rounding must have been reabsorbed 
by the magma. Indeed, in some cases, as in the rock of the 
Esperanza Cataract, we have evidence of the quartz-crystals having 
been attacked and partly dissolved. This resorption may be ex- 
plained by the increase of temperature which might be expected 
under the conditions that prevailed. For the prolonged earth- 
movements would themselves generate a considerable amount of 
heat, and the foldings in which they resulted would cause the 
accumulation of mountain-masses and a consequent rise in the 
isotherms. The cooling and crystallization of the still imperfectly- 
consolidated rock would then recommence, and proceed more slowly 
and under greater pressure than before, as well as under less- 


1 J. A. Cunningham, ‘A Contribution to the Theory of the Order of 
Crystallization of Minerals in Igneous Rocks’ Sci. Proc. Roy. Dublin Soe. vol. ix 
(1900-1902) p. 3883. The presence of water may also have considerable 


influence, as has been pointed out by Prof. W. J. Sollas, Geol. Mag. 1900 
pp- 295 et seqg. , 
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disturbed conditions, so that a normal granitic structure would be 
developed in the minerals of the second stage." 

The haplite-dykes belong, no doubt, to the second stage of crystal- 
lization, although they are somewhat posterior in time; but most of 
the other dyke-rocks belong, I believe, to a much later period. 


(6) The Black Coating of the Rocks of the Cataracts. 


On the rocks of the island below Santo Antonio the black deposit 
referred to on p. 104 was well seen. A rough analysis, by Mr. G. 8S. 
Blake, of a little of this material scraped from the surface of specimen 
M 14 gave the following result :— 


en: LOR Besctsaelsausialastine ssaiacntpedsecatlesatitass 66 
Insoluble in acids coe (probably Al,O,)- ...... ons 9°3 
PMO Seino S nce cotecie ake caaesteeesccenceses 54:1 
ca ee HOI OM ieraotnmse aces aeueaee ses ecsemeeen enaes 65 
Bre tee ine i dele oot 13 
VE Oona Caeislceigt Resiaaltialaeh ois lee ores eau Fs 0:0 

Undetermined components, in all probability mainly water 
ANC OLSAMIC MAULCT Meee) wesseewensassasenececeemenmeaeateas ees 22:2 
Motel eereee 100-0 


The state of oxidation of the manganese was not determined, but 
the material resembles psilomelane (hydrated manganese-dioxide), 
and it is in all probability a variety of that mineral. The presence 
of silica and alumina is no doubt due to part of the surface of the 
rock having been removed with the scrapings. 

Similar black deposits have been described as occurring on the 
rocks of the Orinoco, the Upper Paraguay, the Nile, the Niger, and 
the Congo, especially in the neighbourhood of cataracts.” 

Apparently manganese and iron-oxides are more soluble in river- 
water in the tropics than in colder countries. It is not clear that 
higher temperature of the water is alone sufficient. Probably there 
are organic compounds dissolved in the water, and the iron and 
manganese either occur as salts of organic acids or as carbonates, 


1 Similar inclusions in felspar of quartz with rounded idiomorphic boundaries 
occur in the granulites of Ceylon; see Dr. Ernst Weinschenk, ‘Zur Kenntniss 
der Graphitlagerstatten ’ Abhandl. der Math.-phys. Classe der k, Bayer. Akad. 
der Wissensch. vol. xxi (1902) p. 298 & pl. vi, figs. 1-2; also ‘ Grundziige der 
Gesteinslehre’ pt. ii (1905) fig. 20, p. 51. For inclusions of quartz in horn- 
blende, as in M 1a, p. 97, see pl. v, fig. 4 of the former paper, and fig. 19, 
p. 50 of the latter. ; 

2 See a paper by MM. Lortet & Hugouneng, Comptes Rendus Acad. Sci. 
Paris, vol. exxxiy (1902) p. 1091 (reviewed in the ‘Geographical Journal’ vol. xx, 
1902, p. 655); ‘The Geology of Matto Grosso’ Quart. Journ. Geol. Soc. 
vol. 1 (1894) p. 98; also Dr. W. Keert, ‘ Geologisch-agronomische Untersuchung 
der Umgegend yon Amani in Ostusambara,’ Berichte tber Land- & Forst- 
wirthschaft in Deutsch-Ostafrika ’ vol. ii (1904) pp. 152 & 168. 


Q. J. G. S. No. 245: K 
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In the latter case the role of the organic material would be confined 
to preventing the further oxidation of the manganese and iron, 
and consequent separation of carbonic acid. Ultimately, on the 
evaporation of the water on the surface of the rocks, this oxidation 
would take place, and the black crust would be formed. Such 
evaporation would obviously be of most frequent occurrence near 
cataracts in hot countries, where the rocks are repeatedly moistened 
by the waves and spray, and dried by the tropical sun. It is 
remarkable that in none of the analyses of the water of the Lower 
Amazon and its tributaries, given by Dr. Katzer, is there any 
mention of the presence of manganese.’ Some interesting man- 
ganese-deposits on low ground are described (pp. 95-98), and may 
have an origin similar to that of the black coating on the rocks of 
the cataracts. 

Since the above was written a valuable contribution to the subject 
has been made by Mr. A. Lucas, Chief Chemist, Survey-Department 
Laboratory, Cairo,” who has examined a large number of similar 
deposits on the rocks of the Nile Cataracts, as well as other feebler 
films on desert-rocks. He inclines to the belief that such deposits 
are an efflorescence from the rocks immediately beneath. ‘This is 
an opinion to which I am unable to subscribe. Not only have I 
found large crystals of quartz and felspar coated equally with 
biotites or hornblendes, but I have seen in the Upper Paraguay 
crags of white sandstone covered externally by a jet-black coating 
which caused them to resemble basalt. 


(7) Below the Cataracts. 


The rocks of the island below Santo Antonio are the last 
crystalline rocks on the Rio Madeira. From this point in lat. 9° 8. 
no rocks are exposed in the river-bed or banks, except argillaceous 
deposits usually more or less ferruginous, but sometimes nearly 
pure white. These may form banks 40 or 50 feet high at low 
water, but I saw nothing to lead me to suppose that they are 
the result of the alteration im situ of hard rocks. The Neogene 
deposits of Dr. Katzer may, however, be represented. 

Three or four degrees farther to the eastward on the Tapajés, 
diorite and other crystalline rocks are said to occur Their 
presence on the Xingi, still farther to the east, has already been 
mentioned (p. 88). Farther north Paleozoic rocks are met with, 
extending westward to the margin of the basin of the Madeira 
between 5° and 6° lat. 8.,* following the line of elevation on the 


; : Seen a Sada des Unteren Amazonasgebietes’ 1903, p. 48. 
‘The Blackened Rocks of the Nile Cataracts & of the Egyptis ; 
Gee oe, he Egyptian Deserts 
3 F. Katzer, op. supra cit. pp. 234 & 236, 
4 Ibid. p. 170. 
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south of the Amazonian syncline. No doubt these rocks would be 
found below the alluvium of the Lower Madeira. 


IV. Summary. 


The crystalline rocks of the cataracts of the River Madeira and 
the lower waters of its tributaries are part of a ridge, with a north- 
westerly and south-easterly strike similar to that of the Andes in 
the same latitudes. This strike, which is especially prevalent in 
Equatorial regions, is probably due to the same causes as those that 
have resulted in the eastern position of the land-masses of the 
Southern Hemisphere as compared with the Northern. 

With the exception of comparatively-recent alluvial deposits, 
and a few pebbles of chert of marine origin but uncertain date, 
only erystalline rocks are met with. They all appear to be igneous, 
mostly massive in character, though some dyke-rocks occur. In 
places they are typical gneisses, and they are often banded; but 
in some cases they show no signs of foliation. The prevailing type 
is acidic, with a considerable proportion of alkalies, especially soda; 
but some of the dyke-rocks are distinctly basic in character. The 
more acid rocks are usually fine in grain, and are often granulitic 
in structure. In most cases the quartz seems to have crystallized 
out before the felspar. ‘I'he causes of these characters are briefly 
discussed. 

The occurrence of andalusite of a chiastolite-type as an inclusion 
in a felspar is noted, as well as an unusual type of allanite. An 
altered basalt is described, containing minute concentric structures 
allied to those of a pyromeride. 

Above and below the region of the cataracts is a wide expanse of 
alluvial country, either of recent or later Tertiary date. 


In conclusion I wish to express my obligations to Prof. Bonney, 
Se.D., F.R.S., who kindly examined many of the rock-sections ; also 
to Dr. G. T. Prior, of the British Museum (Natural History), and 
others, for criticism and suggestions during the preparation of this 
paper. I must also acknowledge my indebtedness to Mr. Thomas 
Crook, F.G.8., for valuable assistance in photographing the micro- 
scope-sections shown in Plate V. 


EXPLANATION OF PLATE V. 


Fig. 1. Section of granulitic gneiss from Lages, Rio Madeira, above the con- 
fluence with the Beni; magnified 21 diameters. Ordinary light; 
showing acid plagioclase, quartz in blebs or rounded idiomorphiec 
crystals, biotite, and micrographic structure. (See p. 98.) 

2. The same in polarized light, between crossed nicols. The plagioclase 
is seen to contain inclusions of orthoclase and quartz. 
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Fig. 38. Section of granite-porphyry from the Salto do Girdo, Rio Madeira ; 
magnified 17 diameters. Ordinary light; showing corroded quartz, 
decomposed albite, and groundmass. (See p. 105.) 

4, Section of basalt from Theotonio, Rio Madeira; magnified 51 
diameters. Polarized light without analyser; showing three spherical 
spaces filled with chlorite and a lime-magnesia-iron carbonate, a 
portion of a decomposed labradorite-crystal, and groundmass. (See 
p. 109.) 

5. Section of pyroxene-granulite from the island below Santo Antonio, 
magnified 24 diameters. Showing pyroxene, sphene, and hornblende; 
the clear material is felspar and quartz. (See p. 118.) 

6. The same in polarized light, between crossed nicols. Showing, at some 
points, only granules of the different constituents already mentioned, 
at others shadowy felspars in which the granulitic constituents are 
embedded as in a groundmass, 
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7. On Foorprints from the Permian of Mansrietp (Norrinenam- 
SHIRE). By Gzoree Hicxrine, B.Sc. (Communicated by 
Prof. W. Boyp Dawkins, M.A., D.Sc., F.R.S., F.S.A., F.G.S. 


Read January 10th, 1906.) 


Ir is the object of this brief communication to call attention to a 
series of footprints discovered so long ago as October 1897 by 
Mr. Francis Holmes, of Leicester, the description of which has 
been delayed by the lamented death of the geologist to whom we 
owe their preservation, the late Mr. James Shipman, F.G.S., of 


Nottingham. 
I. Norns on THE SrraTa. 


These impressions were obtained from the Rock-Valley Quarry, 
Mansfield, in the Permian rocks north-east of the town, some 500 
yards from the Permo-Triassic boundary, where they are overlapped 
by the Lower Mottled Sandstone. ‘The rock which is here quarried 
is a lenticular mass of sandstone intercalated in the Magnesian 
Limestone, described by Aveline in the Geological Survey-Memoir 
on Sheet 82 8.H. 2nd ed. (1879) pp. 10-12, as a locally-sandy type 
of the limestone, passing laterally into the normal type. The 
stone is here yellowish-red in colour, becoming almost white on 
the opposite side of the town. It is by no means pure sandstone 
throughout, but contains irregular bands of ‘ bastard,’ a term used 
by the quarrymen to indicate a calcareous sandstone. Every 
gradation may be found between a pure sandstone and the almost 
pure limestone. 

The general succession in this quarry appears to be as follows, in 
descending order, though all the beds vary greatly in thickness :— 


Feet. 
MAP CSLON Osameseeacscans des anen cect ca covecJscees See 15 
2. Laminated ‘ bastard’ 10 
3, Coarse sandy ‘bastard’ f ‘ttre 
4. Sandstone, with bands of ‘bastard’ ......... 20 


Sees CONOR settereaectsmonasce oie nancbe sss coat tless 


Current-bedding is developed on a large scale, some of the beds 
of sandstone having an apparent dip of as much as 25°, although the 
true dip would appear to be quite trifling. Examples may be seen, 
too, of contemporaneous erosion. 

A detailed examination of the Permian round Mansfield led 
Mr. Shipman to conclude that these intercalated sandstones 
probably were formed as sandbanks off the mouth of some river 
flowing from the then newly-formed Pennines, and that the actual 
shore-line lay some 3 or 4 miles to the west of the town. To these 
conclusions he was led mainly by the generally-lenticular form of the 
deposits, the varying coarseness of the sediments, and the_nature 


of the current-bedding, 
Q.J.G.8. No. 246. 


L 
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Il. Mone or OccURRENCE. 


These impressions were found on slabs from the middle of 
Bed No. 4 (in the foregoing section, p. 125). When first seen by 
Mr. Shipman, on October 21st, 1897, they were still in stu; and 
we learn from his notes, made on that occasion, that they formed 
two double rows, approximately parallel, which crossed the slab in 
a direction very nearly from west to east. The longer row could 
be traced for about 7 feet. ‘The shorter series was by the side 
of the longer one at a distance of a yard, and was only to be 
followed satisfactorily for a little more than 2 feet.’ Of these 
impressions, nearly the whole of the longer series is preserved on 
a large slab in the Free Public Museum, University College, Not- 
tingham, and the prints of the right side of the shorter series are 
in the Manchester Museum, Owens College. The left side of the 
latter series, and a few imperfect impressions from the former, have 
not been preserved. The overlying slab, with the natural casts, 
was used for commercial purposes before the prints were noticed. 


III. Descriprion oF THE IMPRESSIONS. 


A comparison of the slabs preserved at Nottingham and Man- 
chester respectively at once reveals the fact that both sets of im- 
pressions were made by the same species of animal, although a very 
slight inferiority in size of the Manchester prints (which may be 
estimated by the stride measuring 8 inches, as against 8? inches 
in the Nottingham examples) would seem to point to their being 
due to different individuals. Practically, however, the principal 
measurements will apply to both series. The chief of these are as 
follows :— 


Inches. 

Pes: Then gt anwcusss yennscunacoseteeretseenctesettoeetee 32 
Width (tip of digit I to tip of digit V) ......... 23 

Martius t Dength akin. snnaccqavetesencnanenaese een eaten 3k 
Width Atatice sos enecedncueeeeeemee cen aeeeeee emer 23 

Average width between middle of right and left pes ...... 5 
Do. do. do. do. do. do. manus... 73 
Length of stride* (Nottingham slab)...............0.sscsceeess 84 


The general character of these impressions will be seen much 
more clearly from the accompanying figures (pp. 127 & 128) than 
from any amount of description which might be given. They are, 
for the most part, very badly preserved; and only in a few cases 
could they be definitely recognized as footprints, had they been 
found separately. The individual prints are characterized by their 
‘stumpy’ form, by the well-marked heel, ‘very like the heel of a boot 


* T have since learned that more of both rows was subsequently exposed, but 
the other portions are not preserved. 


> ‘Stride’ is here taken as the distance between successive prints of the 
same foot. 


Vol. 62.] FROM THE PERMIAN OF MANSFIELD. 127 


in form,’ and by the comparatively-slender digits—more slender, I 
: ‘ believe, than one would at first con- 
Fig. 1.—Photograph of foot- clude from a casual glance at the 
prints on the slab preserved photographs—of which the fifth is 
in the Free Public Museum, set hack and turns outwards -and 
University College, Notting- forwards, As regards the presence 
ham. or absence of claws, it is impossible 
to speak with absolute certainty, but 
the pointed endings of the impres- 
sions of the digits, in some cases 
extending forwards into slender 
scratch - like streaks, make their 
presence very probable. But of 
much greater interest is the very 
smooth convexity of the surface of 
the stone between the impressions 
of the digits, seen as a rounded con- 
cavity in the plaster-casts. There 
appears to be but one conceivable 
explanation of this feature, namely, 
the presence of a membrane between 
the toes. Unfortunately, the state of 
preservation is not sufficiently good 
to enable one to speak with confi- 
dence; but it must again be regarded 
as probable that the animal was web- 
toed. ‘here is no indication of the 
number of phalanges in the digits. 
It may be added that the pes was 
undoubtedly pentadactylate and the 
manus probably so, although in the 
latter case I have been unable to 
discover a really-indubitable impres- 
sion of the first digit. It seems 
to be represented by a kind of stump 
on the casts photographed. 
Regarding the general arrange- 
ment of the prints in the track, 
allusion may be made to their close 
succession, to the wide separation of 
the right and left sides, and to the 
fact that the fore feet were more widely separated than the 
hind feet. 


{Total length=stlightly over 5 feet.] 


IV. Concrusions. 


It now remains to consider the import of these impressions. So 
far as 1 have been able to determine, they do not entirely agree 
with any that have been previously described, either from the Permian 
or from the Trias. One’s first idea is that they may, perhaps, be 
associated with the cheirotheroid prints from the latter formation— 

L2 


Fig. 2.—Plaster casts of the fore and hind foot of the right side from 
the Manchester slab, and of the fore and hind foot of the left 
side from the Nottingham slab. 


Right fore foot. Left fore foot. 


~ 


Right hind foot. Left hind foot. 


[The photographs are on the scale of 7° approximately. ] 
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an idea which might seem to receive considerable support from the 
out-turned fifth digit. On more careful examination, however, the 
Supposititious association has to be abandoned. Cheirotheroid prints 
have the following characteristics :—Of the five digits, 11, 111, and Iv 
are stout and strongly marked, the fifth is set back and curves out- 
wards and backwards, while the first is much less conspicuous and 
quite commonly leaves no impression. There is never any trace of a 
heel, except in the aberrant Cheirotherium Herculis, and in some cases 
impressions of the digits alone are seen. There is no trace of any 
interdigital membrane. ‘The stride was long, commonly about a 
yard, and all the impressions are nearly in one line, indicating an 
animal very well adapted for rapid progression on land. The fore feet 
were greatly reduced, and nearly the whole weight was supported 
by the hind limbs. 

Very different are the characters of the impressions with 
which we are concerned here. They were made by an animal 
emphatically plantigrade.. The stride was very short, and the gait 
that of a clumsy animal ill-fitted for walking. The fore feet were 
only a little smaller than the hind feet, and the weight of the body 
was much more evenly distributed. The digits were comparatively 
slender, and were probably joined by a web. Even the fifth digit, 
though modified, was much less so than in Cheirotherium. In 
passing, it may be remarked that this modification of the fifth digit 
seems to have been a fairly-common feature among the animals of 
Permian and Triassic times, and some explanation of its meaning 
might be interesting. 

The only previously-described impressions that I have been able 
to find, which do present any close resemblance to these Mansfield 
prints, are those from the Upper Permian of Thuringia, of which an 
account has been written by W. Pabst.’ The footprints there described 
under the name of Jchnium acrodactylum agree in a striking manner 
with those here described. Insize,in general form, in the arrange- 
ment of the digits, and in the general arrangement of the track no 
decided distinction can be found. The individual prints, however, 
differ markedly in one respect, namely, in the much greater stoutness 
of the digits in the Thuringian form, so that between the first four 
digits no marked interspaces appear. ‘The digits are also somewhat 
longer. To some extent, though not entirely, these differences may 
be accounted for by the fact that the Thuringian prints are more 
deeply impressed than the Mansfield prints. 

Two other points serve to distinguish definitely these two sets of 
tracks: the first, that the difference in size between manus and pes 
in Ichnium acrodactylum is still less marked than in our own prints; 
the second, that the stride of the former is much longer—approxi- 
mately 12 inches. The feet (at least, the hind feet) were slightly 
less than in the Mansfield form. Yet, despite such differences, the 
general resemblance is so strong that one can scarcely do other 
than suppose a real relationship between the Thuringian animals 
and those of our own ancient shores. 


1 Zeitschr. d. Deutsch. Geol. Gesellsch. vol. xlix (1897) pp. 701 et seqg. 
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If Mr. Shipman’s conclusions regarding the mode of formation of 
the rocks which yielded our impressions are sound (see p. 125), we 
may assume that the animal responsible for them was wandering on 
a sandbank some distance from land. In view of the further facts 
that it was probably web-footed, and that it certainly had an 
awkward gait, it would seem reasonable to assume that it was 
amphibious in habit. At least no further evidence on this point 
could be expected from its footprints. 

The two brief visits which I have as yet been able to pay to the 
Rock-Valley Quarry have sufficed to show that footprints are really 
abundant there—mostly in a very imperfect state of preservation, 
but including some quite good impressions. In the course of less 
than two hours’ search altogether, I have been able to distinguish 
several (at least four) distinct types of impression, which undoubtedly 
represent different types of animals and cannot be attributed by any 
chance to differences of imprint.’ These other forms I hope to be 
able to describe in a future communication, after further search of 
the deposits has been possible. Meanwhile, I may note that some 
of them bear a marked resemblance to those found by the late 
Mr. G. Varty Smith in the Permian sandstones of Penrith.’ 

The abundance and variety of the footprints in this quarry are of 
considerable interest, in connection with the recent discovery of a 
rich vertebrate fauna in the Permian of Russia.* The knowledge 
of the existence of quite a varied assortment of reptiles at that 
period—Anomodonts, Theriomorphs, Rhopalodonts, and probably 
Deinosaurs—widens considerably the range of beasts which we 
might expect to have inhabited our own shores. Formerly, the 
only forms to which we could attribute such footprints as those 
here described were the Labyrinthodont Stegocephalia, which group, 
indeed, satisfied very well the general characters indicated by the 
impressions. But, in view of Prof. Amalitzky’s discoveries, we should 
keep watch for indications of the higher forms. Should footprints 
be discovered in the bone-bearing deposits of Russia, they might, 
with some certainty, be referred to the animals which made them. 
Then the prints in our own rocks might receive their interpretation. 
Meanwhile, this communication may perhaps serve its most useful 
purpose by drawing the attention of local geologists to the existence 
of these sandbanks in the Magnesian Limestone—the one at Mans- 
field is unlikely to be an isolated example—and to the fact of their 
containing traces of perhaps the most interesting fauna with which 
the vertebrate paleontologist has to deal. 


ane ae less than six distinct forms have now been found.—March 15th, 
6. 

_ * See Quart. Journ. Geol. Soe. vol. xl (1884) p. 479. Still more interesting 
is the close resemblance, if not identity, of one of these forms with that described 
by Huxley from the Elgin Sandstones, and figured in Geol. Surv. Monograph iii, 
pl. xiv (1877). 


mare V. Amalitzky, Comptes Rendus Acad. Sci. Paris, vol. exxxii (1901) 
joy Sie 
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In closing this brief note I wish to express my sincere thanks to 
Prof. J. W. Carr, F.G.S., University College, Nottingham, for the 
photograph forming fig. 1 and for two of the casts shown in fig. 2 ; 
and to Mr. H. C. Beasley, of Liverpool, from whom personally and 
from whose writings I have received the greatest assistance. 


Discussion. 


Prof. Boyp Dawxrns pointed out that, as no footprints had 
previously been found in the undoubted Permian of this country, 
the finds with which the Author’s paper dealt were naturally of 
extreme interest. The footprints were probably made by an 


amphibian, analogous to the amphibian types recorded from the 
Permian of the Continent. 
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8. The Ovay-witn-Fuints; its Orretn and Disrrisurion. By 
Arrep Joun Jukes-Browne, B.A.,F.G.8S. (Read January 10th, 


1906.) 
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I. Derinrrion anp THEORIES oF ORIGIN. 


Tue peculiar deposit which has been termed ‘ Clay-with-Flints ’ is 
well known to most English geologists, as occurring in sheets or 
patches of various sizes over a large area in the South of England, 
from Hertfordshire on the north to Sussex on the south, and from 
Kent on the east to Devon on the west. It almost always lies on 
the surface of the Upper Chalk, but in Dorset it passes onto the 
Middle and Lower Chalk, and in Devon it is found on the Chert- 
Beds of the Selbornian Group. 

The existence of a red clay full of flints, lying as a soil or deposit 
on the surface of the Chalk, was well known to geologists in the 
middle of last century, such as Trimmer, Lyell, and Prestwich ; and 
some appear to have regarded it as a residue derived from the 
solution and disintegration of the Chalk, but Joshua Trimmer in 
1851 maintained that it and the other ‘ soils which cover the Chalk 
of Kent’ were the result of aqueous transport." 

It was not until 1861 that it was described as a special accumu- 
lation or aggregation by Mr. Whitaker, under the name of Clay- 
with-Flints*; and not until 1864 ° that he ventured to suggest 
an explanation of its formation. His belief was and still is that 
‘the Clay-with-Flints is of many ages, and may be forming even at the present 


day, and that it is owing in great part to the slow decomposition of the Chalk 
under common atmospheric action.’ 


He holds that, as many Chalk-districts have been exposed to the 
action of rain for thousands of years, much of the Chalk has been 
carried away in solution, leaving the flints and the insoluble earthy 
and ferruginous matter. He remarks that 


‘ To these would be added the clayey and loamy wash from the Tertiary lands, 
and the remains of beds of that age left in pipes and hollows of the Chalk.... 


* Quart. Journ. Geol. Soe. vol. vii (1851) p. 34. 

a Geology of Parts of Oxon & Berks’ Expl. of Sheet 13, Mem. Geol. Surv, 
p. oe. 

* * Geology of Parts of Middlesex, Herts, &c.’ Expl. of Sheet 7, Mem. Geol. 
Surv. p. 64. 
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The clay and flints left by the dissolution of the Chalk would be present almost 
everywhere ; whilst the loamy materials that would be formed from the lowest 
Tertiary beds would most likely be more local.’ ? 


In 1865 Mr. Thomas Codrington, describing parts of Wiltshire in 
which this Clay-with-Flints was prevalent, had come to a somewhat 
different conclusion, He accounted for the presence of the unworn 
flints and for the peculiar disposition of the deposit in the same 
way as Mr. Whitaker had done; but he thought that the original 
presence of an overlying deposit of clay or loam was essential to its 
formation. He writes :— 


‘Everything seems to indicate a quiet subsidence of the overlying bed into 
irregularities in the dissolving Chalk. Everything here also favours the sup- 
position that the origin of the Clay-with-Flints is to be ascribed to the gradual 
dissolving away of the Chalk-with-Flints under a capping of drift brickearth. 
.... The Clay-with-Flints must underlie the brickearth, when the latter is 
present, but the whole of it (that is, the brickearth) may be absorbed into the 
Clay-with-Flints.’ * 


Lastly, Charles Darwin, writing in 1881, does not refer to 
Mr. Whitaker’s explanation, but takes it for granted that the whole 
of the red clay (as well as the flints) was simply the insoluble residue 
left by dissolution of the Chalk, without the addition of any extra- 
neous matter.’ It is clear, however, from the remarks which he 
makes, that he was puzzled to account for the absence of such a thick 
residue in many places where it might be expected, and also for its 
thickness in places where analyses proved that the underlying Chalk 
contained a very small amount of earthy matter. 

Of these three explanations, I believe that Mr. Codrington’s, so 
far as it differs from Mr. Whitaker's, comes nearest to the truth, for 
I think that he was right in asserting that the argillaceous part of 
the Clay-with-Flints has been derived from Tertiary material and 
not from the Chalk. I dissent from Mr, Whitaker’s view, because 
he contends that the bulk of the clay came from the Chalk, and only 
admits a local admixture of Tertiary material. Lastly, I consider 
that Darwin was still further from the truth, because he imagined 
that the whole deposit had been derived from the Chalk, It is 
only fair, however, to say that Darwin does not appear to have 
studied the distribution of the Clay-with-Flints over any large 
area, and was only incidentally concerned with the manner of its 
formation. 

What may be termed the ‘ Chalk-residue theory’ has held the 
field in this country for many years, but during the last decade 
geologists have been losing faith in it; consequently, it seems only 
right and fitting that the other side of the case should be presented, 
and discussed more fully than Mr. Codrington had the opportunity 
of doing. J propose therefore to state the reasons which have 
induced me to abandon the faith in which I was educated, and I 


1 «The Geology of London’ Mem. Geol. Surv. vol. i (1889) p. 282. 
* Wiltsh. Arch. & Nat. Hist. Mag. vol. ix (1865) pp. 180-81. 
3 ‘The Formation of Vegetable Mould, &c.’ 1881, pp. 1387-89 & pp. 298-300. 
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trust that my old friend Mr. Whitaker will pardon me for holding a 
brief against him. 

Some of the facts which militate against the Chalk-residue theory 
have been already advanced by Mr. Clement Reid and by myself in 
the Annual Reports and Memoirs of the Geological Survey. Some of 
these will be quoted in the sequel, but data for a more detailed 
consideration of the whole subject are now available, and conse- 
quently it seems desirable that the whole case should be stated as 
clearly as possible in one paper. 


II. Composition oF THE CLay-witH-F Lin's. 
The material was defined by Mr. Whitaker as 


“a deposit of stiff brown and reddish clay with large unworn flints, that occurs 
over the higher parts of the Upper Chalk-tract.’ ? 


He also noted that, at its base, there is often a layer of black clay, 
a few inches thick, which contains black-coated flints. He dis- 
tinguishes the true ‘ Clay-with-Flints’ from the loam or brickearth 
by which it is often overlain, admitting that the latter has been 
mainly derived from the detrition of the Reading Beds, that it often 
contains large unworn flints, and that it frequently passes so com- 
pletely into the Clay-with-Flints that it is difficult to draw a line 
between them.” 

I will, however, confine myself to the Clay-with-Flints, as defined 


by Mr. Whitaker, and pass on to the important point of its composition 
and contents. 


In its typical development on the west and north-west sides of 
the London Basin, the material is generally a stiff, unctuous, brown 
or reddish-brown clay, usually without any visible admixture of 
sand, but containing unworn flints the outer surfaces of which are 
generally stained brown. Where sections of such clay are seen below 
brickearth, the flints do not generally form more than half the bulk 
ot the deposit ; but, where there is a surface-spread of Clay-with- 
Flints, the upper portion of it contains more flints than clay, and is 
in fact an angular flint-gravel. This is doubtless a consequence 
of the washing-away of the fine clay by the rain. 

Mr. Whitaker remarks (op. cit. p. 282): 


‘ Besides the unworn flints, there are also sometimes’ pebbles of flint and of 
quartz, as well as, more rarely, pieces of old rocks.’ 


Again, he mentions the occurrence near Remenham, in Berkshire, 
of green-coated flints from the base of the Reading Beds, pebbles of 
quartz and quartz-rock, and a few small lumps of ironstone. 

Mr. Whitaker, however, does not mention the fact that broken 
angular flints are very common ingredients. The only passage 
from which it would appear that he was aware of that fact is that 


* «The Geology of London’ Mem. Geol. Surv. vol. i (1889) p. 281. 
2 Thid. p. 288. 
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at the bottom of p. 283 (op. cit.), where he speaks of ‘the unworn 
and often unbroken character of the flints’ as being against the 
theory of transport. It is true that both kinds of flints are 
unworn, but there is a great difference between entire flint-nodules 
ee they occur in the Chalk) and angular pieces of broken-up 
ints. 

J have not had a sufficiently-wide experience of Clay-with-Flints 
in the South of England to be able to assert that angular flint- 
fragments are everywhere abundant in it. I can only testify to their 
occurrence in the counties of Hertford, Bedford, and Buckingham, 
and again in Dorset. Mr. H. J. Osborne White, however, who has 
special acquaintance with the deposits overlying the Chalk in 
the counties of Buckingham, Oxford, and Berkshire, informs me 
that he considers the angular flints to be generally more 
numerous than the unbroken flint-nodules, and that he knows of 
exposures where the latter are rarely found and where all the 
flints usually to be seen are angular. Lastly, Mr. Clement Reid, 
writing of the country around Salisbury,’ describes the clay as 
containing ‘unworn or shattered flints,’ by which I suppose he 
means unbroken and broken flints. 

Charles Darwin, when describing the Clay-with-Flints near Down 
in Kent,’ remarks that the flints are often broken thongh not rolled 
or abraded, and that the elongate flints are commonly found 
‘standing nearly or quite upright in the red clay,’ a position which 
he ascribes to the downward movement of the mass from higher to 
lower levels. He also incidentally mentions that the flints in the 
clay ‘form almost half its bulk’ 

With regard to the unbroken flints, which have mostly been 
derived directly from the Chalk, Mr. Osborne White tells me 
that, in his experience, they seldom occur in any number, except 
in the bottom-layer of the clay at its junction with the Chalk, and 
in pipes or funnels which penetrate into the Chalk. Their greater 
abundance in such hollows is not surprising, since these are evidently 
spots where solution has taken place more extensively than else- 
where. 

Another point requiring notice is the frequent occurrence of 
green-coated flints, derived from the base of the Reading Beds. On 
this matter Mr. White writes : 


‘T feel sure that green-coated flints are quite as common in the Clay-with- 
Flints as one would expect them to be.’ 


It is moreover possible that the black-coated flints, which are also 
common where the clay is black, may be such flints coated or 
stained black by oxide of manganese. 

Mr. Clement Reid, describing the Clay-with-Fiints in Sussex,’ 
says that it consists of Eocene material mixed with a certain 


1 Expl. of Sheet 298, Mem. Geol. Surv. 1903, p. 64. 

2 «The Formation of Vegetable Mould, &c.’ 1881, pp. 1388-39. 

* «Geology of Eastbourne’ 1898, p. 10, and ‘Geology of Chichester’ 1903, 
p. 38, both memoirs of the Geological Survey. 
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proportion of flints, and he states that it always contains a re 

percentage of rounded quartz-grains, such as could not be derive 

from the Chalk below. Again, among its contents in the country 

north of Chichester he mentions the occurrence of flint-pebbles, 

green-coated angular flints, sarsen-stones, and quartz-sand, these 

‘and probably most of the clayey matrix, being of Kocene origin. 
Mr. Reid also makes the explicit statement that 


‘in this part of the Downs (near Chichester) it is confined to areas over which 
Eocene deposits may have spread within comparatively recent times ; it is 
sometimes very difficult to decide whether a particular patch should be called 
slightly-disturbed Eocene, or mapped as Clay-with-Flints.’ (Loc. supra cit.) 


With the truth of this statement, as applied to other districts, I 
shall deal more fully in the sequel. 

The same observer, describing the deposit as developed near 
Salisbury,’ writes that ‘ parts of it are mainly composed of Hocene 
material,’ and ‘other parts are derived in large measure from the 


Chalk below.’ He adds: 


‘Everywhere, however, there is a considerable admixture of material that 
cannot have been derived trom the strata immediately below. We find in it, 
for instance, Chalk-flints belonging to zones which only outcrop some distance 
away on higher ground. It also contains pebbles derived from Tertiary 
deposits, which cannot have rested directly on the Chalk in that neighbourhood. 
On washing the matrix we obtain a sandy residue consisting of rounded grains 
of quartz, such as could not have been derived from the Upper Chalk.’ 


Again, in Dorset the proportion of material that must have been 
derived from the Eocene is still larger, and Mr. Reid observes : 


‘At least half the deposit consists of rolled stones and rounded quartz- 
grains.... Even of the angular material, a close examination shows that a 
considerable proportion must be derived from the gravelly base of the Eocene 
deposits, in which angular flints usually abound, ? 


He asserts, indeed, that 


“over the area now under consideration solution of the Chalk and accumulation 


of the insoluble matter will not produce anything approaching in composition 
to the Clay-with-Flints.’ (Loe. cit.) 


My own observations in Wiltshire and Dorset confirm those of 
Mr. Reid, especially on the point that, where the deposit is most 
argillaceous and most essentially a Clay with flints, it is still 
obviously and largely composed of Eocene material. 

With regard to the finer portions of the Clay-with-Flints, it will 
be noticed that Mr. Reid has found that, both in Sussex and in Dorset, 
it invariably contains a large percentage of rounded quartz-grains. 
Mr. Osborne White tells me that he has washed many samples of 
the material from the neighbourhood of Reading and Wargrave, - 
and has always found a residue consisting largely of quartz-sand. He 
has kindly sent me a sample of the Clay-with-Flints, overlying the 
Chalk in a quarry at Middle Culham, near Remenham (Berkshire) ; 


* Expl. of Sheet 298, Mem. Geol. Surv. 1903, p. 64. 
* ‘Geology of the Country around Dorchester’ Mem. Geol. Sury. 1899, p. 87. 
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and a portion of this I have washed and examined under the micro- 
scope, with the following result :— 


The greater part of the residue consists of rounded grains of clear white 
quartz, some of them stained yellowish by oxide of iron, the grains varying in 
size from very small to rather large. ‘There are also many black and dark- 
brown grains, which seem to be rolled particles of ironstone or small concretions 
of oxide of iron. Both these ingredients have evidently been derived from 
Reading Beds. A few fragments of Jnoceramus-shell, with a few broken 
sponge-spicules and arenaceous foraminifera, seem to be contributions from the 
Chalk. Small angular chips of flint are common in the residue, but not in 
the finer portion mounted for microscopic examination. 


A sample from near Risborough, sent by the Rev. E. C. Spicer, 
F.G.S8., yielded a very similar residue, the only noticeable difference 
being that there was a larger quantity of very fine quartz-sand, 
large grains being rare. 

The residue of a sample from Chaul End, near Luton, sent to me 
by Mr. J. Saunders, also consisted mainly of very fine red sand, 
which the microscope showed to be grains, presumably of quartz, 
coated with red clay. Im all cases it was difficult to free the 
mineral grains from the fine sticky clay which adhered to them. 


€ 


Til. Taickness oF THE CLAy-witH-FLINTs. 


For the purpose of this enquiry, it is also necessary to form some 
idea of the average thickness or mass of the Clay-with-Flints; but 
this is not easy, because the clay seldom occurs as an evenly-spread 
deposit. On the contrary, it usually rests on an extremely-irregular 
surface of chalk, having sunk into hollows, funnels, and pipes which 
have clearly been formed by the unequal solution of the chalk. The 
bottoms of the hollows and depressions are often 6 or 8 feet below 
the summits of the intervening pinnacles of chalk, while in some 
places large basins occur, lined by Clay-with-Flints and filled with 
masses of brickearth and gravel, from 40 to 50 feet in depth; else- 
where, narrower funnels and pipes filled with the same materials 
penetrate the Chalk for 30 or 40 feet. 

But although, in many places, it cannot be said that the Clay- 
with-Flints has any average thickness, there are limits within which 
it varies ; and there are some localities where its base is not too un- 
even to prevent a rough estimate of its average thickness from being 
made by eye. In other words, one can form some idea of what its 
average thickness would be if it were spread out on an even base. 

In the first place, I will quote some recorded observations and 
estimates of thickness :— 

‘At Oakridge, west of Wycombe Abbey [Bucks], there is a thickness of 
between 4 and 5 feet of stiff reddish Clay-with-Flints, in places sandy and 
pebbly.’? (H. B. W.) bee 

‘In a new road-cutting west of Hemel Hempstead Clay-with-Flints was seen, 
with a depth of up to 8 feet, resting irregularly on soft chalk with many flints.’ * 

‘Round St. Albans this irregular deposit varies from a few inches to 4 or 
5 feet in thickness.’ ® 


SA Whitaker, ‘Geology of London’ Mem. Geol. Sury. vol.i (1889) p- 286. 
2 A. G. Cameron, in op. cit. p. 287. 
2 A. B. Woodward, thid. loc. cit. 
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In the country round Luton its thickness is said to vary from 
2to 8 feet. The following is unpublished information. 

Near Weston, north-east of Hitchin, I saw a fairly-even spread 
of dark reddish-brown Clay-with-Flints, from 13 to 3 feet in depth, 
underlying loamy brickearth. 

Mr. C. J. Gilbert, F.G.S., informs me that, on the high ground 
near Berkhampsted, there is much Clay-with-Flints, and that it is 
often from 10 to 20 feet thick when not associated with brickearth ; 
but that in many places brickearths, obviously derived from the 
Reading Beds, lie in large potholes or solution-hollows which are 
lined by a bed of clay and angular flints ; in such cases, the bed is 
thin, and is sometimes only represented by a layer of black-coated 
flints. 

I am informed by the Rev. E. C. Spicer, F.G.S., that several of 
the cuttings on the Great Central Railway between Wendover and 
Missenden show good sections of Clay-with-Flints, that its depth 
varies from 1 to 6 or 7 feet, and that the average thickness might be 
taken at about 3 feet. At the claypits near Walter’s Ash, recently 
described by Mr. Spicer,’ the Clay-with-Flints forms a lining to 
the large basins, which are filled with brickearth, gravel, and 
sarsen-stones. 

Mr. Spicer informs me that, in other parts of the same district, 
where the Clay-with-Flints forms a surface-deposit, its thickness 
varies from 2 to 10 or 12 feet. In order to obtain some more 
accurate idea of the average thickness at certain spots, he has been 
kind enough to measure two sections for me. ‘The first is near 
Loosely Row, south of Risborough, where a cutting shows a wide 
depression in the Chalk filled with the usual clay-deposit; the 
length of the depression is 25 yards, and its depth below the soil 
in the centre is 10 feet, from which it lessens gradually on each 
side to about 2 feet; its average depth here, therefore, is 6 feet in 
a length of 75 feet. 

The other locality is Denner Hill, south of Great Hampden, where 
a slope is mantled by Clay-with-Flints, and, for a length of 440 yards 
with a breadth of 200 yards, the depth of the clay is from 10 to 
12 feet. This is an exceptional depth to be continuous over so large 
an area, and especially on sloping ground. 

I have not been able to obtain any information as to the limits 
within which the thickness of Clay-with-Flints varies over Hamp- 
shire, for no observer seems to have paid much attention to it in 
that county, except to the north of Chichester (Sheet 317), where 
it has been mapped by Mr. C. Reid. No actual measurements of it 
are given in the Explanation of that sheet, but Mr. Reid observes 
that ‘ the total thickness seldom reaches 10 feet’ (op. cit. p. 38). 


From the particulars now given it is clear that any theory of the 
formation of Clay-with-Flints must be equal to accounting for its 
accumulation to a thickness of 3 or 4 feet over large areas. 


* Quart. Journ. Geol. Soe. vol. lxi (1905) p. 39. 
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IY. Propucrs oF THE SOLUTION oF CHALK. 


From the known purity of the Upper Chalk, it will readily be 
granted that, if the Clay-with-Flints has been mainly derived from 
the dissolution in situ of Chalk-with-Flints, a very great thickness 
of this chalk must have been dissolved in order to furnish the 
material of the clay. 

It is well known that the soft limestones of the Upper Chalk 
contain a very small proportion of insoluble matter; but, until 
recently, very few accurate analyses of these chalks existed, and 
even now hardly sufficient exist to furnish data for estimating the 
average amount of clay to be found in each zone of the Upper 
Chalk. Moreover, the determinations of the amounts of insoluble 
residue which have been made by Dr. W. F. Hume, F.G.8., and 
Mr. W. Hill, F.G.8., show that in some zones these amounts vary 
in different parts of the country. ‘This seems to be more especially 
the case with the lower zones, namely, those of Micraster cor- 
testudinarium and M. cor-anguinum. 

I have, therefore, thought it desirable to depend, as far as possible, 
on analyses of samples obtained from places within the area of 
which this paper treats. In order to increase the number of such 
analyses, my friend Mr. W. Hill has kindly ascertained the amount 
of insoluble residue in several fresh samples of chalk from the zone 
of Micraster cor-anguinum, and in one from that of MM. cor-testudi- 
narium. For two of these samples I am indebted to Mr. H. J. 
Osborne White, F.G.S.; another, from the zone of M. cor-anguinum 
at Winnal near Winchester, was sent by Mr. Charles Griffith, F.G.S.; 
and the fourth was obtained by Mr. W. Hill himself at Knebworth, 
south of Stevenage in Hertfordshire.’ 

Combining the results of these analyses with a selection from 
those previously made and recorded,’ we get the following averages 
for four of the zones :— 


(1) Rusipves in Tne Zone oF MrcrASTER COR-TESTUDINARIUM. 


Gramimes. 
Chalk from Stourpaine (Dorset) ............ 2°48 
Lewes (Sussex) ............26+++ 0°66 
a eee Dover (Kent) cc,csn.. aa. ce <a-0es 0-61 
,, Remenham (Berks) ............ 1-43 
Medmenham (Bucks) ......... 372 
itech (CLES) se. 0.0. +<=- 02 - 0°88 


6)9°'78 = average of 1°63. 


1 It should be mentioned that the analysis of a sample referred to Hitchin 
in vol. iii of the Geological Survey-Memoir on the Cretaceous Rocks of Britain 
(p. 820) was really of chalk obtained at Knebworth. 

2 See ‘The Cretaceous Rocks of Britain’ Mem. Geol. Sury. vol. iii (1904) 
pp. 309 et seqq. 
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(2) Resrpves 1n THE Zone oF MrcRASTER COR-ANGUINUM. 


Gramimes. 
Chalk from Blandford (Dorset) ..........-. 119 
5 = Durntords@\VWalts) eames 2:00 
i 2 Wannaly (ants) iereceremeea crt O81 
~ Crondalliiants) ieee eneccars 1:46 
Culham (Berks) ....... .2ve=20 1:38 
., Knebworth (Herts) ............ 2°15 
ee overs (Kent) eemsercme erect tater 1:20 


7)10:19 = average of 1°45. 


(8) Resrpvzs 1x Tun Zone or Marsupizes. 


Grammes. 

Chalk from Blandford (Dorset) ........ ube 
a P eeAcundeli(Sussex)lemcss seat 

- » Margate (Kent) ms... ..0--2--e- 

* 4) Salisbury ((Wallts) ee crecscseecee 

* », ) Crondalll(Hants)ee..c-c-ee-mer 


| 3382 
[o2) One 
ORene 


5)5'15 = average of 1:03. 


(4) Rusipvrs 1n THE ZONE OF ACTINOCAMAX QUADRATUS. 


Grammes, 
Chalk from Whaddon (Wilts) .........++- 0687 
. oy Malford(Wilts)see-rsessseeee 0607 
- ,, Culver (Isle of Wight) ...... 0:758 
. ,,  Otterbourne (Hants)?......... 0880 


4)2‘927 = average of 0°73. 


From the foregoing analyses it appears that there is a gradual 
diminution in the amount of insoluble residue as we ascend in the 
Upper Chalk, from the zone of Muicraster cor-testudinarium to that 
of Actinocamax quadratus. If we take the two lower zones together, 
as constituting that part of the Chalk in which flints are most 
numerous, we find that equal quantities of them will yield an 
average percentage of 1:54 of insoluble residue. The solution of 
equal quantities of the two middle zones will yield 1:24 per cent., 
and equal quantities of the two higher zones will yield only 0°88 
per cent. of insoluble residue. : 

This, however, is percentage by weight; and if we wish to 
calculate how many cubic inches of residue will be left by the 
solution of a given mass of chalk, we must allow for the difference 
in the weights of chalk andclay. Here, again, it has been necessary 
to make special experiments and estimations for the purpose of this 
paper, because the required information did not exist. Thus I 
could not find that anyone had determined the comparative weights — 
of different kinds of chalk, I could find no record of the weight 


} This is taken from an analysis made by M. Duvillier, and ishe 
Be cetanee : j published by 
Prof. Barrois in his ‘ Recherches sur le Terrain crétacé supérieur de I’ = 
terre & de l'Irlande’ 1876, p. 42. périeur de l’Angle 
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ot Clay-with-Flints, and I felt equally sure that different kinds of 
clay differ also in weight. 

In Sir C. W. Pasley’s book on ‘Limes & Cements’? it is stated that 
‘one cubic foot of solid chalk, such as is obtained near Chatham, 
weighs when perfectly dry about 90 lbs.’ ; but in a table on p. 142 he 
gives the weight of a cubic foot of pure dry chalk as 94-99 lbs., which 
is practically 95 lbs. The chalk to which Pasley refers was probably 
obtained from the zone of Micraster cor-testudinarium. Desiring, 
however, to have confirmation or correction of this, I asked Mr. W. 
Hill to ascertain the actual weight of small cubes cut from the 
samples of chalk sent to him. ‘his he did, dissolving the cubes 
afterwards, with the results already recorded. Pieces were cut and 
trimmed as accurately as possible to form l-inch cubes ; they were 
dried for 5 or 6 hours at 120°C., and then weighed, with the 


following results :— 
Grammes. 


Cube of Remenham chalk weighs ......... 26-05 
» Knebworth _,, Cee ect ahaa: 25°28 
» Culham a ie) | salon Agens 32°19 
>»  Winnal i. ae ear te 30°25 


4)113:'77 = average 28°44. 


—— 


These results show that there is considerable variation in the 
weight of pure white Upper Chalk, even in the same zone of 
Micraster cor-anguinum, to which the last three belong. . Let us 
first consider the Remenham chalk, for Sir C. W. Pasley’s Chatham 
chalk probably came from the same zone. The weight of one 
gramme is ‘002 of a pound, consequently 1 cubic inch of Remen- 
ham chalk weighs 0521 of apound. Multiplying this by 1728, we 
find that a cubic foot of the same chalk will weigh slightly over 
90 lbs., which is the weight given for Chatham chalk—a curious 


coincidence. 
The mean weight of all four samples is 28-44, and this, multiplied 


by -002, gives 05688 of a pound ; and again, multiplying by 1728, 
we get the result that a cubic foot of the average kind to be found 
in these two zones weighs 98°288 lbs. This is rather more than the 
greater weight given by Pasley, but we shall not be far wrong if we 
take the weight of a cubic foot of such chalk as 98 lbs. 

The determination of the weight of a cubic inch of Clay-with- 
Flints proved to be much more difficult. The plan adopted was to 
square roughly with a knife and then dry the cube, finally to dress 
it accurately with a file, and test it with calipers. Some samples, 
collected in dry weather, broke up so much that only half-inch cubes 
were obtainable; others, although moist, were sandy and friable for 
that reason. Out of many samples tried, Mr. Hill has only been 
able to make five satisfactory cuves, and three of these were half-inch 
cubes. From a sample obtained from the top of a quarry at Kneb- 
worth he cut two half-inch cubes, the mean weight of which was 


1 Qnd ed. (1847) pt. i, p. 4, 8vo. London. 
Q.J.G.S. No. 246. MI 
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4-33 grammes; this is equivalent to 34°64 grammes per cubic inch. 
Another half-inch cube, from the clay in a pipe at the same place, 
weighed 4:5 grammes, equivalent to 36 per cubic inch. From two 
samples obtained by Mr. J. Saunders near Luton, two good cubic 
inch-blocks were cut, one weighing 33 and the other 33°53 grammes. 

From these figures we deduce a mean value which cannot be far 
wrong, thus one cubic inch of 


Gramimes. 
Knebworth clay.........00.-- weighs 34-64 
Do. do. (pipe) ....-- 36°00 
ButoniGNomL)iclayageerscsn x 33°00 
DonnGNion 2) MdOieacneccsas 5 33°03 


4)137:17= average 34-04. 


An average cubic inch of Clay-with-Flints from these places 
weighs 34 grammes, which is ‘068 of a pound: consequently, a cubie 
foot of clay weighs 1728 x -068= 117-5 lbs. 

Thus, if the Clay-with-Flints has been derived from the Chalk, 
its weight as compared with that of Upper Chalk is as 117-5 to 98. 
Further, around the London Basin the clay must have been chiefly 
obtained from the solution of the zones of Marsupites and Micraster 
cor-anguinum, for it is on one or the other of these that the Reading 
Beds generally rest. If, therefore, we suppose that 100 cubic feet of 
chalk be dissolved, half consisting of one zone and half of the other, 
and assuming the percentage of insoluble residue to be 1:24 by 
weight, the mass of the residue will be 117°5 : 98 :: 1-24:a. This 
works out as 1:03; consequently, the solution of a column of 200 
vertical cubic feet of these two zones will yield 2:06 cubic feet of 
clay. In other words, in order to produce a layer of clay 2 feet 
thick, a thickness of 200 feet of such chalk will have to be dissolved, 
and the solution of 100 feet will produce only a 1-foot layer. If com- 
posed entirely of chalk of the Micraster cor-anguinum-zone, the layer 
produced by the solution of 100 feet will be 1°2 feet thick. 

In the area between the London and Hampshire Basins, it is 
mainly the chalk of the zones of Actinocamawv quadratus and Mar- 
supites Which would have suffered, and these only yield a combined 
percentage of *88 by weight ; the percentage by mass will be only °73. 
Consequently 100 cubic feet from these zones will produce a layer 
of clay only 9 inches thick, and it would take 200 feet of them to 
produce a layer of 18 inches over the whole area, supposing it to be 
all retained on the area and none of it lost by water-transport 
during the process of solution. It is very unlikely, however, that 
it could be so retained on the plateaux without any waste, and 
much more probable that half of it would be carried down into 
the valleys. ; 

In any case, it is clear that, if Clay-with-Flints consists half of 
clay and half of flints, the possibility of the derivation of the clay- 
portion from the Chalk must depend entirely upon the thickness of 


Chalk which can be proved to have been destroyed in any given 
district. ; 
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There is, however, another way of testing the probability of such 
derivation, and this is to estimate the proportion of flints to clay 
that would result from the solution of any given thickness of chalk, 
for in the foregoing calculations the flints have been omitted. 

In the zone of Micraster cor-anguinum layers of flints are very 
frequent, and scattered flints sometimes occur in the chalk between 
them. In Kent and Sussex measured sections have shown that 
layers of flints frequently occur every 3 feet, and that sometimes 
they are only 2 feet apart; records of borings also often mention 
flints at intervals of 2 or 3 feet, but in the higher part of the 
zone they are not quite so frequent. We shall probably be under- 
estimating the quantity of flints, if we assume that their average 
distance apart in the whole zone is 34 feet; and if we also assume 
that the average thickness of the flints is 3 inches, then every 
14 feet of chalk will contain a depth of 1 foot of flint-nodules, and 
98 feet of this chalk will yield 7 feet of flints. 

In round numbers, therefore, the solution of 100 feet of Micraster 
cor-anguinum-chalk will produce a layer of flints 7 feet thick, 
together with enough clay to form a layer about 14 inches deep. 
Hence there would be about six times as much flint as clay in the 
mixture, and the product would not be ‘ clay-with-flints,’ but a bed 
of flints with about just enough clay to fill up the interstices between 
the nodules. 

In the zones of Marsupites and Actinocamax quadratus the flints 
are much less numerous. They do occur, however, in the latter 
zone at distances of from 6 to 9 feet apart, and round the London 
Basin flints are found in the Marsupites-zone, though sparsely. We 
may perhaps estimate them as occurring in these zones at 8 feet 
apart, but in quantity only enough to form a continuous layer 
2 inches thick. At this rate there will be only twelve layers in 
100 feet, with a total thickness of 2 feet of flints. The same thick- 
ness of chalk, if composed of equal parts of the same zones, will 
yield 9 inches of clay ; and in this we should have something more 
like Clay-with-Flints, but still containing nearly three times as 
much flints as clay; whereas, in the real material, the proportion 
is only 1 to 1. 

If we combine 100 feet of Marsupites-chalk and 100 feet of the 
Micraster cor-angwinum-zone, the 200 feet will yield a layer of 
flints 9 feet deep and one of clay about 2 feet deep. The mixture 
would be a clayey gravel, the proportion of clay to flints being nearly 
as 1 to 43. 


Y. INFERENCES TO BE DRAWN FROM THE DISTRIBUTION OF THE 
Cray-wirH-F rin‘. 


From the conclusions arrived at in the preceding pages, it is clear 
that the stratigraphical relations of the tracts of Clay-with-Flints, 
both to the Chalk and to the Eocene Series, must be carefully 
considered. In this connection, it is necessary to remember that 
the Chalk had been raised and flexured to some extent before the 

M2 
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deposition of the Eocene beds upon it; so that, when viewed as a 
whole, the Eocene strata are entirely uncontormable to those of the 
Chalk. Thus the local base of the Eocene Series rests in different 
districts on different portions of the Upper Chalk, from the zone of 
Belemnitella mucronata to that of Micraster cor-anguinum, and it is 
very probable that (in some places) it rested on the zone of Micraster 
cor-testudinarium, if not on that of Holaster planus. In other words, 
the surface which received the Eocene deposits was a surface which 
had been planed across a raised and broadly-curved or flexured mass 
of Chalk. 

Further, in one part of the region, namely in Surrey and Kent, 
elevation and erosion seem to have been renewed in early Eocene 
time, for Mr. Whitaker has shown! that the Oldhaven and Black- 
heath Beds overstep both the Woolwich and Thanet Beds, so as to 
rest upon the Chalk. This may have taken place over a large area 
in the northern part of the Weald, when the Chalk extended much 
farther south than it does now. 

Lastly, it is well known that both Chalk and Eocene were sub- 
jected to still greater disturbance in Miocene and Pliocene times, 
along lines that were more or less parallel to the great post- 
Oligocene flexure of the Isle of Wight. I think it almost certain 
that the flexuring which took place before Kocene times was of slight 
intensity ; and that only a broad and low geanticline was then pro- 
duced, the curvature of which ineluded, not only the space between 
the London and Hampshire Basins, but also part of the London 
Basin itself: the more pronounced flexures which occur within this 
geanticline being wholly or mainly of post-Oligocene date. 

These later flexures have a peculiar arrangement, occurring as 
discontinuous periclines, that is, as local elliptical domes and basins 
which are not always arranged along axial lines, but often alternate 
en échelon, the termination of one periclinal convexity passing 
below the beginning of a cymboid basin, or trough, which is flanked 
on each side by elongate convex periclines, all of them dying out 
again within a certain distance. Such an arrangement of flexures 
is found, for instance, in the country between Winchester and Salis- 
bury. The Kingsclere tract is another notable instance of a convex 
pericline. 

Now, if the Clay-with-Flints has no special relation to the Lower 
Eocene beds, but is a residue from the Chalk, the largest tracts of 
this argillaccous residue should occur over the domes and convexities 
which have been exposed to the greatest amount of quiet subaérial 
detrition since Eocene time; and the smallest and thinnest should 
he in the synclines from which less chalk has been removed. On the 
other hand, if the Clay-with-Flints is mainly composed of residue 
from the basal Eocenes let down into the Chalk, it will naturally 
be in greatest force over those tracts from which the least amount 
of chalk has been removed, and on which traces or outliers of the 
Hocene deposits still remain; while it will be entirely absent from 


? Quart. Journ, Geol, Soc. vol. xxii (1866) p. 420: and Mem. Geol. Surv. 
vol. iv (1872) p. 240. ORO Be en eee a 
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the domes and anticlines. In this way, therefore, the distribution 
of the clay-tracts should clearly indicate the source from which 
the Clay-with-Flints has been chiefly derived. 

There is, however, one large area in which the relations of the 
Clay-with-Flints are complicated by several special circumstances, 
and the consideration of which I shall leave to others who have 
better acquaintance with it. This area is that of Kent and Eastern 
Surrey, where the Thanet Beds are the lowest member of the 
Kocene Series, and where also the Oldhaven Beds seem to have 
passed over them southwards onto the Chalk. This area also was 
submerged in Lower Pliocene times, and there seems to be some 
uncertainty about the relation of the Lenham Beds to the Clay- 
with-Flints. Mr. Reid states that, on Lenham Down,’ patches of 
Lenham Beds underlie extensive sheets of Clay-with-Flints ; on the 
other hand, Prestwich had long ago figured and described a layer of 
brown and black clay with flints, as underlying the Lenham Sands 
and resting on the Chalk, not far from the same place. Its position 
according to Prestwich seems natural; but its position according 
to Mr. Reid seems difficult to understand. 

I shall, therefore, confine myself in the following pages to a 
consideration of those areas where the Reading Beds form the 
lowest member of the Eocene Series, and where no marine Pliocene 
Beds occur as a disturbing factor. 


Let us turn first to the country which lies west and north-west 
of the London Tertiary Basin. Anyone who will study the published 
Drift-editions of the l-inch maps of the Geological Survey, such 
as Sheets 267, 268, etc., will see that there appears to be a very 
close connection between the Reading Beds and the areas mapped 
as Clay-with-Flints. It must, of course, be remembered that the 
latter include the overlying loam and brickearth where such 
materials occur; but these are admitted to be inseparable from 
Clay-with-Flints. 

The noticeable point is, that these loams, with their basal layer 
or fringe of Clay-with-Flints, behave as if they were merely dis- 
integrated portions and outliers of the Reading Beds. 

In the far west of the London Basin, that is, in the western parts 
of Wiltshire and Berkshire, the tracts of Clay-with-Flints occur on 
ridges and plateaux which are clearly portions of an inclined plane 
rising towards the outer escarpment of the Upper Chalk. The 
material seldom descends far down the slopes of these ridges, except 
in places where there is reason to believe that landslips have 
occurred ; as a rule, the average level of the boundary-lines is little 
below that at which outliers of Eocene occur or might occur. In 
other words, the surface on which the tracts of Clay- 
with-Flints lie is practically a prolongation of the 
basal Eocene plane. Moreover, the tracts do not become larger 
and thicker in the direction of the Chalk-escarpment, as should be 


1 «The Pliocene Deposits of Britain’ Mem. Geol. Sury. 1890, p. 45. 
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the case if both clay and flints have been derived from the solution 
of the Chalk; on the contrary, they become smaller and thinner, 
with a surface-soil that is more crowded with flints, as we should 
expect if these outer tracts had been exposed to detrition for a longer 
time than those nearer to the main mass of the Reading Beds, 

It will also be noticed that the positions thus occupied by the 
tracts of Clay-with-Flints quite preclude the idea that any great 
thickness of Chalk can have been dissolved from beneath them 
since the removal of the Reading Beds. It is true that, on the 
Marlborough Downs, and to the north and north-west of Lambourn, 
the Clay-with-Flints rests upon a lower zone of the Chalk than does 
the main mass of the Eocene; but there is good reason to believe 
that the Eocene passed transgressively over the surface of the Chalk 
towards the west, so that the Reading Beds stepped from higher to 
lower parts of the Chalk as they spread westwards to and beyond the 
present escarpment-ridge. 

North of the Thames Valley the Clay-with-Flints behaves in 
just the same way, rising along the Chalk-ridges with the Kocene 
outliers, up to the summit-ridge of the Chiltern Hills. Farther 
north, round Luton, it is associated with thick masses of brickearth 
which seem to pass into loam and brickearth of Glacial age. 

T believe that much of the so-called ‘ Middle Glacial’ loam in the 
counties of Bedford, Hertford, and Essex has been reconstructed 
from the brickearths, which were themselves derived from Reading 
Beds; thus, near Weston, north-east of Hitchin, I have seen Clay- 
with-Flints beneath loam, in a position which gave strong ground for 
thinking that both passed under the neighbouring Boulder-Clay. 

Clay-with-Flints often wholly or partly surrounds outliers of 
Reading Beds, or connects two such outliers, without descending far 
below the level at which the local base of the Reading Beds is found. 
In fact, if the loam and brickearth have been formed from the 
disintegration of the Reading Beds, as is generally supposed: then 
it seems impossible to avoid the conclusion that the formation of 
the Clay-with-Flints was concomitant with that of the brickearths, 
and also with the detrition and diminution of the Eocene outliers. 

Moreover, although but one colour is assigned to such tracts on 
the Geological Survey-maps, yet the index on the margin always 
states that this colour includes ‘ Clay-with-Flints and brickearth’ 
(or loam). Now, the brickearth, which is thus associated with the 
Clay-with-Flints, is sometimes underlain by that material, but 
sometimes rests directly upon the Chalk; further, this brickearth 
often includes beds or masses of quartz-sand. Hence, it is clear 
that a theory designed to explain the formation of Clay-with-Flints 
alone will not suffice; it must be one that will account for the 
disintegration, disturbance, and subsidence of masses of Eocene clays . 
and sands pari passu with the formation of the Clay-with-Flints, 

It must be recognized, in fact, that Clay-with-Flints is not a 
distinct and definite material, like Boulder-Clay, which can be 
separately mapped and receive an index-colour for itself: it is 
inseparably associated with a more or less confused assemblage of 
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brickearths, loams, sands, and gravels. Small patches can 
doubtless be found which consist entirely of Clay-with-Flints ; but 
larger tracts almost always include masses of mottled clay, sand, 
and gravel, and sometimes accumulations of sarsen-stones, or of 
unworn flints. 

One good instance of such associated materials has already 
been cited (p. 188), and another may be quoted from a recent 
memoir, as occurring in the Aldworth and Yattendon area above 
mentioned.’ At Buttonshaw Kiln, south-west of Aldworth, 
Mr. Bennett saw a section showing 
“6 feet of large unworn flints and sarsens resting irregularly on rusty-brown 
and black-stained clay. A hole dug for clay near the kiln showed a mixture of 
plastic clay and coarse red sand, capped with Clay-with-Flints. ‘he plastic clay 
seemed in process of conversion into the rusty-brown clay.’ 


Let us take an actual example of the relative positions which the 
Eocene and the Clay-with-Flints frequently occupy. For this 
purpose I choose the large outlier of these combined deposits round 
Yattendon and Ashampstead, west of Reading. This tract is 
completely isolated by the valleys of the Pang and the Thames ; 
it includes no fewer than seven outliers of Reading Beds, connected 
and more or less surrounded by Clay-with-Flints. At the extreme 
north-western end (north of Aldworth) the ground rises to a 
height of 600 feet, and there is a very small patch of Reading 
Beds accompanied by Clay-with-Flints at the samo level. 

South-west of Aldworth is a larger outlier of Reading Beds, the 
base of which descends to about 520 feet, while that of the Clay- 
with-Flints near the same point is some 20 feet lower. On the 
south there is a continuous tract of Clay-with-Flints, the base 
of which falls rather rapidly to a level of about 320 feet near 
Yattendon ; but this evidently accords with the original slope of the 
Eocene basal plane, for a large outlier of Reading Beds sets in at 
Yattendon, its base sloping south-westward from about 350 feet to 
a little below the contour of 300 feet. At the same time, the 
Clay-with-Flints thins out rapidly against the Eocene boundary. 

The other Eocene outliers lie on a similar sloping surface of 
Chalk, and the base of the connecting tracts of Clay-with-Flints 
slopes in the same direction, that is, south-westward ; but its border 
passes below the level at which any Eocene is exposed, until it reaches 
the contour of 300 feet. 


Again, there are cases where a kind of Clay-with-Flints seems 
to overlap onto the border of an Eocene tract. On this point, 
Mr. Osborne White informs me that he believes such overlap to be 
of frequent occurrence, although it is not easy to prove the fact, 
because it is very seldom that a continuous section from the surface 
of Chalk to the surface of Eocene is actually exposed. At 
Cadmore-End Common (Oxfordshire) he has seen a section 10 feet 
deep, showing Reading Beds (mottled loam) overlain by brown loam 
full of white angular flints, both being covered by a loamy soil full 


1 «Geology of the Country around Reading’ Mem. Geol. Surv, 1903, p. 60, 
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of pebbles. There are several exposures of similar clay on the 
outlier of Reading Beds at Maiden Grove (Oxon). I have the same 
authority for stating that most of the Reading-Bed outliers, which 
occur among the Clay-with-Flints of the Berkshire Downs, are 
overlapped at their edges by clay and loam with angular flints. 
The flints in such clays are almost always white and angular 
unbroken flint-nodules being rare; but he believes the material to 
be continuous with the surrounding Clay-with-Flints, 

Mr. White has also noticed that this transgression of the Clay- 
with-Flints onto Eocene tracts occurs most frequently on the sides 
which face up the slope of the Chalk-surface, and much less often 
on the lower or dipward side of the outliers; a fact which suggests 
a certain amount of slow movement from the main watershed. 


The intimate relation between the occurrence of Clay-with-Flints 
and the basal plane of the Eocene Series is brought out still more 
strongly by a study of the area which lies between the London 
and Hampshire Basins. There is a further advantage in dealing 
with this area, in the fact that the geological mapping of it has 
been completed, and published on the new series of l-inch maps 
(Sheets 282, 283, 284, 298, 299, & 300), so that these can be 
referred to in confirmation of the statements made below. 

In considering this area, we must remember what has been said 
on p. 144, that the structure is complex, and that the flexuring was 
not all produced at one period; that the main broad geanticline is 
of pre-Kocene date, and was planed down before the Reading Beds 
were deposited, both Chalk and Kocene being subsequently bent 
into smaller and narrower folds. 

Beginning with the western part of the area (Sheets 282 & 298), 
we find that these include a surprisingly-small amount of Clay-with- 
Flints. In the far west, and just outside the limits of Sheet 282, 
there is a tract of some length on the highest ridge of the downs 
which lie between Imber and Warminster. On the north, there 
is a curvilinear tract on the summit of the downs south of Chirton 
and Wilsford (600 to 700 feet), the boundary of the flinty clay 
being in some places not more than 20 feet above the outcrop of 
the Chalk-Rock. Farther east, near Upavon, there are three small 
patches below 600 feet; but none has been mapped on Pewsey or 
Milton Hills, although the latter rises to 782 feet above O.D. The 
only other place within the area of Sheet 282 where Clay-with- 
Flints has been mapped is on Sidbury Hill, where it flanks a small 
outlier of Reading Beds at an elevation of about 700 feet. 

The southern portion of the area included in Sheet 282 and the 
northern part of that which comes into Sheet 298 form together 
the central portion of Salisbury Plain. All of this area lies below 
600 feet, and is traversed by a network of branching-valleys. The 
surface of what was originally a plain or plateau has evidently been 
graded and lowered by long exposure to the action of rain, and the 
ridges are capped by a variable thickness of flint-débris, consisting 
partly of entire and unworn flints, and partly of broken angular 
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fragments, but nothing was found that could be mapped as Clay- 
with-Flints, except a few patches near Wilsford and Woodford. 
Now, if this material is mainly a Chalk-residue, how can its absence 
on this part of Salisbury Plain be explained? If, on the other hand, 
it is mainly an Eocene residue, we should not expect to find it far 
below the level of the basal Eocene plane. 

Within the area of Sheet 298, besides the few small patches above 
mentioned, a long tract of Clay-with-Flints caps the ridge which 
lies between the valleys of the Wily and the Nadder, pointing 
eastward to another patch on the slope of the hill north-west of 
Salisbury ; and there are other spreads of varying extent in the 
southern part of the district. 

The relations of these tracts of Clay-with-Flints to the tectonic 
structure of the country are interesting and suggestive. The ridge 
between the Wily and the Nadder is capped by red and brown Clay- 
with-Flints for a length of 9 miles, and it lies over the central axis 
of a syncline which intervenes between the anticlines of the Vales 
of Wardour and Warminster. It is, therefore, probable that the 
base of the Kocene lay not very far above the summit of this ridge, 
and that very little chalk has been removed from the watershed in 
post-Eocene times, either by solution or by any other process. The 
presence of the Clay-with-Flints here is quite comprehensible if it 
is mainly an Kocene residue, but is inexplicable on the Chalk-residue 
hypothesis. 

It may be mentioned that the western end of this tract of Clay- 
with-Flints rises to a level of 700 feet, and that Claypit Hill on 
the other side of the Wily valley, north-east of Codford, is capped 
by a patch of materials (mottled clay and sand) which, although 
disturbed, are recognizable as remnants cf Reading Beds.‘ This 
outlier probably owes its preservation to its having been let down 
into a hollow in the Chalk, or to an ancient landslip. Its present 
summit is only 586 feet above Ordnance-datum, but it suffices to 
show that Reading Beds lay over this area at some level between 
600 and 650 feet. 

The materials derived from the Reading Beds are here overlain 
by a peculiar deposit, consisting of yellow sandy clay full of angular 
flints and small quartz-pebbles, which is described by Prestwich 
as extending along the ridge of Codford Hill, but is not shown on 
the Geological Survey-map. Such a deposit seems to resemble 
the Plateau-Gravel of Berkshire more than the Clay-with-Flints, 
although it may be a contemporary variation of the latter. 

How the flexures above mentioned are continued eastward is not 
certain, except as regards that of the Vale of Wardour, which is 
cut off obliquely by a fault striking roughly from west-north-west 
to east-south-east. The intermediate syncline seems to be deflected 
southward, so as to pass below Wilton and Salisbury, and may 
possibly be continued into the syncline of the Eocene tract at 
Alderbury. The Wily anticline appears to be prolonged to Lower 


1 See Prestwich, Quart. Journ. Geol. Soc. vol, xlvi (1890) p. 144, and Geol. 
Mag. 1898, p. 412. 
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Woodford on the Avon, but here it seems to die out; and I am 
inclined to regard the small scattered tracts of Clay-with-Flints 
around Woodford as being disposed round the periclinal termination 
of this anticline, a position which would account for the low levels 
at which they occur (400 to 300 feet). 

On the east side of the Avon Valley another set of flexures come 
in, which seem to be independent of those on the west. Here we 
find a synclinal trough filled with Eocene, stretching eastward 
from Alderbury. This is bounded on the south by a well-marked 
anticline of bare chalk, and on the north by what is probably a 
monoclinal rise, carrying the basal plane of the Eocene Series up 
to a level which is much higher than the present general level of 
Salisbury Plain. Here it is interesting and instructive to observe 
several tracts of Clay-with-Flints, which behave exactly as if they 
were outliers of Reading Beds, their southern boundaries being at 
about 300 feet, while on the north they reach a height of about 
440 feet. On a line with them, but at a slightly-higher level (486 
feet), near Laverstock is a small outlier of Reading Beds; and to 
the north of them, on Thorny Down, is another outlier at 533 feet. 
This last is about 300 feet higher than the outcrop of the Reading 
Beds in Clarendon Park, only 3 miles to the south, and shows the 
rapid rise of the basal plane or floor, upon which the Eocene rests. 

These small outliers, and the others previously noted as occurring 
farther north in the area of Sheet 282, enable us to construct a 
section showing the relative level at which the Eocene floor passed 
over this part of Salisbury Plain (see Pl. VI, fig. 1). It also 
indicates the manner in which the higher zones of the Chalk were 
planed off prior to the formation of the Reading Beds, and thus 
demonstrates the compound nature of the geanticline between the 
London and Hampshire Basins. 


Passing now to the area included within Sheet 283 of the 
Geological Survey-map, a casual view might convey the impression 
that the tracts of Clay-with-Flints were distributed in an irregular 
manner without respect to present levels, and without any special 
relation to the flexuring of the district; but a closer examination 
shows that there is a definite relation between them and the post- 
Eocene flexures. 

Broadly speaking, the structure of the area is as follows. Its 
northern part is traversed by an anticline, or rather by a series 
of periclinal domes, which are made apparent by the outcrops of 
Selbornian and Cenomanian strata near Grafton, Shalbourn, Wood- 
hay, and Burghclere. From this irregular anticline the beds of the 
Chalk slope southwards into a deep periclinal basin, the centre of 
which must lie near the town of Andover, for near this place the 
zone of Marsupites is found at levels of from 300 to 400 feet. . 

If this basin be the complement of the northern anticline, and 
was formed in post-Kocene times by a movement which carried the 
basal plane of the Eocene with it, and, further, if the Clay-with- 
Flints be mainly an Eocene residue: then we should expect to find 
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the tracts of Clay-with-Flints continually descending to lower levels 
as they are followed southwards. This is the case: in the northern 
part of the area the Clay-with-Flints is only found on the summit 
of ridges that rise to 700 or 800 feet, but in passing southwards, and 
especially from north-west to south-east, we find it descending 
gradually to about 300 feet. Thus, on Tidcombe Down in the north- 
west the Clay-with-Flints sets in at a height of about 830 feet, and 
there are several large tracts of it to the south-east, the boundary- 
lines of which gradually slope from 700 to less than 400 feet, and 
east of Andover it occurs on the Marsupites-chalk at a level of 
300 feet. 

In this connection it is especially interesting to find that, in all 
the larger tracts, Clay-with-Flints is associated with, and often 
covered by, thick masses of brickearth and sandy mottled clays 
which have evidently been derived from the destruction of the 
Reading Beds. Further, in Harewood Forest, cast of Andover, 
patches of clean mottled clay and yellow sand occur, which were 
originally described as outliers of Reading Beds*; but, on the more 
recent map issued in 1898, they are included in the ‘ Clay-with- 
Flints and Loam.’ 

From the description given in the memoir above cited, it would 
seem that masses of little-altered Reading Beds do occur here at 
the low level of 300 feet: thus confirming the suggestion above 
made, that the Andover Chalk lies in a post-Eocene syncline, for 
these remnants cunnot be far removed from the position that they 
occupied when zn situ. It is also stated that some of the adjacent 
material resting upon the Chalk is a reddish-brown mottled clay 
containing pebbles, and having a layer of large black-coated flints at 
its base: the whole being overlain by a gravelly deposit, consisting 
of rounded and angular flints in a matrix of reddish-brown clay. 
We seem to have here all the materials for making the mixture 
usually known as ‘Clay-with-Flints’, and I cannot help thinking 
that we are here provided with an illustration of a phase in the 
making of Clay-with-Flints ; with a case, in fact, in which further 
developments were arrested, owing to some local conditions which 
may or may not be discernible by a more complete study of the 
district. 

Close to the northern edge of the area in Sheet 283, and near 
Woodhay Clumps, is a small but instructive outlier of Reading 
Beds which touches the contour of 900 feet, and is only about 
180 feet above the neighbouring outcrop of the Chalk-Rock. Hence, 
though solution of the Chalk may have caused it to subside or slip 
considerably below its original level, its position seems to indicate 
that the thickness of chalk removed from this locality before the 
time of the Reading Beds was greater than usual. The Eocene 
outlier is surrounded by Clay-with-Flints, which extends along 
the southward prolongation of the ridge, its basal boundary passing 
gradually from 900 to 650 feet. Other tracts on the south-east 


1 See ‘ Geology of Parts of Berks & Hants’ Expl. of Sheet 12, Mem. Geol. 
Sury. 1862, p. 28. 
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take it from 600 down to about 400 feet, and finally patches near 
Whitchurch carry it down to 300 feet. 

The natural inference from these facts is that we are following a 
slope which coincides approximately with the inclination given to 
the basal plane of the Reading Beds by post-Kocene disturbances ; 
and that, when allowance has been made for solution, downwash, 
and landslips, the tracts of Clay-with-Flints may be 
regarded as having been formed out of the remnants of 
so many ancient outliers of Reading Beds. This view 
receives a striking confirmation from the fact that at East Stratton, 
only 7 miles south-east of Whitchurch, an outlier of the Reading 
Beds actually occurs at a level of about 300 feet, and is surrounded 
by patches of Clay-with-Flints. I shall recur to this outlier in 
the sequel (p. 155), as it comes within the area of Sheet 300; but 
its existence testifies to the low level at which the Lower Eocene 
deposits originally lay over this part of Hampshire, and to the 
small vertical thickness of chalk which has been removed from the 
post-Eocene surface. 


Proceeding to the area south of Andover and Whitchurch (Sheet 
299), we find a wide tract over which Clay-with-Flints either 1s 
absent, or occurs only in small scattered patches. This tract 
coincides with the anticline of Stockbridge, which was first 
discovered and described by Prof. Barrois.1 He regarded it as a 
continuation of the Winchester uplift; but, on this point, 1 venture 
to differ from my friend and confrére, believing it to be an 
independent periclinal dome which may be prolonged for some miles 
to the westward, but dies out rapidly to the east.” However this 
may be, it is doubtless a post-Kocene uplift, and consequently an 
area over which subaérial detrition has been great. If, therefore, 
Clay-with-Flints were a Chalk-residue, it should be in strong force; 
while if it be derived from the Eocene, it is easy to understand its 
absence, except for two small patches near Stockbridge itself. 

The western part of the area in Sheet 299 adjoins that of 
Salisbury (Sheet 298), and the flexures noticed in the latter are 
continued eastward to the valley of the Test. The anticline on the 
south passes through Dean Hill and dies out toward Lockerley. 
The syncline filled with Eocene deposits which runs eastward 
from Alderbury also seems to disappear near Mottisfont; while the 
Stockbridge uplift above mentioned is probably a development of 
the monocline traced to the north of Clarendon. 

A glance at the geological map will show that tracts of Clay- 
with-Flints occur in connection with these flexures, and are disposed 
ee poonorches sur le Terrain Crétacé de lAngleterre & de V’Irlande’ 1876, 
» OL 
Ps The curvature of the Stockbridge flexure must be slight and low, for the | 
zone of Micraster cor-testudinariwm bas only been found near Stockbridge ; and 
Mr. C, Griffith, F'.G.S8., informs me that to the westward, along the valley of the 


Wallop, all the pits seem to be in the zone of WM, cor-anguinum, while north- 


ward at Grately he found Uintacrinus-chalk, and southward still higher beds 
come in. 
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exactly in accordance with the view that they are the remnants of 
Eocene outliers. Thus, on Dean Hill there are four patches of Clay- 
with-Flints, which are so arranged that their boundaries show an 
eastward slope from 500 to 300 feet; and the largest one slopes 
south-eastward from the ridge-summit at 440 feet to about 350 
feet, its termination being within half a mile of the Eocene 
boundary at 300 feet above Ordnance-datum. The tracts on the 
northern limb of the syncline are similarly disposed on a rising 
plane, which appears to be the natural prolongation of the basal 
Eocene plane. Thus, at a point near the junction of Sheets 298 
& 299, the Eocene boundary-line is at a level of 222 feet; and 
north of this tracts of Clay-with-Flints rise from 300 to a height 
of 500 feet at’ Winterslow, in a distance of about 2; miles. 

Farther east, near Winchester, we find another distinct uplift 
coming in, which does not seem to be connected with either of the 
anticlines to the westward. This may be called the Winchester 
pericline, but it is really the periclinal termination of the 
Petersfield and Meon-Valley anticline. The centre of this pericline 
does not coincide with the centre of the Lower Chalk-exposure, but 
with the eastern end of that exposure near Chilcombe, where the 
base of the Middle Chalk is 160 feet higher than it is below the 
alluvium of the Itchen. The strata are, in fact, dipping westward 
from this centre, as well as northward and southward, and the 
pericline must die out between the valleys of the Itchen and the 
Test. 

This being so, it is interesting to note the complete absence of 
Clay-with-Flints on the Chalk-downs west ot Winchester, for a 
distance of about 5 miles; and further, when tracts of it do set 
in, they are disposed on the southern, western, and northern 
slopes of these downs, exactly as if they were the remnants of a 
sheet of Eocene clays which had overlain the Chalk and had been 
included in the periclinal flexure. I have little doubt that they are 
such remnants, modified by subaérial agencies and sunken somewhat 
from their original position by solution of the underlying chalk. 
It will be noticed that, at Braishfield, there is an outlier of Reading 
Beds which is equidistant from the main outcrop and from a small 
patch of Clay-with-Flints at a higher level, leading on to the larger 
tract of Farley Down. This ascends to over 500 feet, and a section 
across the district here would appear as in Pl. VI, fig. 2. 


Coming now to the country round Basingstoke (see Sheet 284), 
I venture to assert that the positions occupied by the various tracts 
of Clay-with-Flints in this area can only be satisfactorily explained 
on the hypothesis of their having originally formed part of a 
continuous sheet of material, which had been flexured together with 
the Chalk. If all the isolated tracts are so regarded, it will be seen 
that their connection across the intervening spaces would mantle 
the surface of the Chalk, in such a manner as to accord with the 
known or probable flexures, and with the position of the Hocene 
outliers. In short, the hypothesis which I advocate furnishes a 
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simple and natural explana- 
tion of the distribution of 
the Clay-with-Flints in this 
area, which would be very 
difficult to account for on 
the supposition of its being 
entirely or mainly a Chalk- 
residue. Thus, round Han- 
nington there are patches 
which, if united, would lhe 
on a curved surface that 
would partly wrap round 
the eastern termination of 
the Kingsclere pericline, and 
this surface, if prolonged, 
would meet the outcrop of 
the Reading Beds near 
Wolverton and Ewhurst. 

From the high ground 
near Hannington the patches 
of Clay-with-Flints descend 
southward and south-east- 
ward to a level of 370 feet, 
and some of them are 
traversed by the rail- 
way-cuttings near Church 
Oakiey. From this low 
level remnants of what was 
once a continuous mantle 
rise gradually again to over 
600 feet, on the high ground 
south of Basingstoke. I 
take it that this descent of 
the Clay-with-Flints coin- 
cides witha synclinal flexure 
of the Chalk between the 
Kingsclere  pericline and 
the Bentley-Farnham up- 
lift, which is little more 
than a monocline.* 

As for the large spreads 
of Clay-with-Flints on the 
high ground around Far- 
leigh, Ellisfield, Herriard, 
and Lasham, and _ thence 
eastward along the summit- 


* See W. Topley, ‘Geology of 
the Weald’ Mem. Geol. Surv. 
1875, p. 280; and A. J. Jukes- 
Browne, ‘The Cretaceous Rocks 
of Britain’ Mem. Geol. Sury. 
vol. i (1900) p. 10. 
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ridge of the Chalk-escarpment : these seem to occur at levels which 
would have been occupied by a continuation of the Eocene deposits 
westward from Farnham and Crondall through the two outliers of 
Reading Beds west of the latter place. A section drawn through 
these two outhers and through the patches of Clay-with-Flints 
north and south of them, shows that the latter occupy positions 
which must previously have been held by the Reading Beds (see 
the accompanying text-figure, p. 154). 


Of the area in Sheet 800 to the south of that described above, it 
is unnecessary to give much detail. Its chief features in relation 
to my subject are as follows :— 

1. The large continuous sheet of Clay-with-Flints which covers the eastern 


part of the Upper Chalk-plateau, from which the ground slopes east- 
wards to the Wealden area. 


2. The existence of a small outlier of Reading Beds, partly surrounded 
by Clay-with-Flints, at Stratton in the north-eastern corner of the 
district. 

3. The entire absence of Clay-with-Flints in the south-eastern corner of 
the district, which seems to be traversed by a flexure connecting the 
Winchester pericline with the Meon-and-Petersfield anticline. 

The extensive tract of Clay-with-Flints on the high plateau 
(above 500 feet), which forms the eastern border of the Upper 
Chalk-area, has a length of 12 miles from south to north, and is a 
continuation of that mapped to the north in Sheet 284. Itis of very 
irregular shape, owing to the branching system of valleys by which 
it is deeply incised, and is thus interesting as an illustration of the 
manner in which similar large wide-spreading tracts have been cut 
up into isolated patches, and the way in which such patches come 
to occupy different levels on a sloping surface of Chalk. 

This irregular tract of Clay-with-Flints helps us to look back 
to a time, somewhere between the Miocene Period and the Glacial 
Epoch, when the greater part of the Chalk-area between the present 
boundaries of the London and Hampshire Basins was covered by a 
mantle of this material, or of the deposits from which it has been 
derived. 

The outlier of Reading Beds on the north-west takes us a step 
farther, and indicates one at least of the deposits out of which the 
Clay-with-Flints has been formed. This outlier lies just above the 
contour of 300 feet, and the surrounding patches of Clay-with- 
Flints are at about the same level, that is, from 300 to 350 feet. The 
remarkable fact of its occurrence has already been commented upon, 
but its importance can hardly be exaggerated, because it les about 
midway between the London and Hampshire Basins, and because 
it proves that the Eocene Beds were here carried down to a com- 
paratively low level in the geanticline, presumably by post-Eocene 
re-adjustments. 

As the level at which Clay-with-Flints is found rises from 
Stratton northward, eastward, and southward, I suspect that the 
Kocene outlier marks the site of a periclinal basin or ‘ cymboid,’ 
which probably extends for several miles westward, through 
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Micheldever and Sutton Scotney, where patches of Clay-with-Flints 
occur at a still lower level, that is, down to 270 feet. 

It is, therefore, of great importance to ascertain what zone of 
the Chalk underlies the Stratton outlier; for, if it were found to 
rest on the zone of Micraster cor-anguinum, we should have proof 
of a certain amount of pre-Tertiary erosion, and should infer the 
existence of a broad anticline of Chalk which was subsequently 
indented by a local post-Eocene syncline. Whereas, if the Chalk 
belongs to the zone of Marsupites, or to that of Actinocamax quad- 
ratus, there would be no proof of a pre-Tertiary anticline, and we 
should infer that the flexure which brings the Eocene down to this 
level was entirely of post-Kocene date. 

Mr. Charles Griffith, F.G.S. (to whom I applied for information 
on this point), was kind enough to visit Stratton, but could not 
obtain any definite evidence. The chalk-pits which he visited were 
much overgrown; of one exposure he writes :— 


‘ The appearance of the chalk and the flints suggests the zone of Marsupites, 
but I saw no plates, either of that fossil, or of Uintacrinus.’ 


Westward, by the side of the railway west of Micheldever and 
south of Weston Colley, is a quarry from which Offaster pilula has 
been obtained; while at Micheldever Station, 3 miles north of this, 
the zone of Micraster cor-anguinum comes in.! Mr. Griffith has also 
found Offasier pilula in a quarry at Sutton Scotney, and Actino- 
camac granulatus in another about 2 miles north of that village. 
Thus, all the available evidence points to the conclusion that 
Stratton lies on one of the higher zones, either that of Marsupites 
or that of Actinocamax quadratus, and that the second of the 
inferences above-mentioned is correct. 


Passing now to the southern part of Sheet 300, we remark 
an entire absence of Clay-with-Flints over the tract between 
Winchester and the Meon Valley. This is what might be expected, 
over an area where detritive agencies must have been especially 
active. Although it has generally been supposed that the Winchester 
uplift is a continuation of the Petersfield anticline, it may he 
objected that there is no proof of the connection between them, 
and that the former may terminate eastward in the district marked 
Temple Valley on the Ordnance map. It may be so; but if my 
readers have by this time gained any of the confidence which I feel 
in the position of patches of Clay-with-Flints as guides to the pre- 
vious disposition of Eocene deposits, they will notice as a significant 
fact that there is no fan-shaped disposition of Clay-with-Flints 
round the supposed end of the pericline. On the contrary, a series 
of patches of this material form a curved band between Avington 
and West Meon, this band conforming exactly to a curved line that 
would unite the axes of the two uplitts. 

Such a series of patches are obviously explicable as the remnants 
of a sheet of material which had originally spread over the whole 


+ «The Cretaceous Rocks of Britain’ Mem. Geol. Surv. vol. iii (1904) p- 188. 
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of an anticlinal axis, while all traces of it have been swept away 
over the central part of the arch and from its southern limb. The 
reason for the persistence of such remnants on the northern side 
only is also obvious from an examination of the maps (Sheets 300 
& 316), for it is seen that this side has a very short drainage-slope 
to the valley of the River Itchen, the course of which is roughly 
parallel to the presumed curve of the anticlinal axis. The southern 
slope, on the other hand, is drained by a series of separate streams 
which have long southerly courses, and the ground falls in this 
direction to a much lower level than that on the north. Hence, 
valley-erosion and general detrition of the surface must both have 
proceeded more rapidly on the southern side, with the result that 
all traces of the Clay-with-Flints have been swept away, until we 
approach the existing border of the Hampshire Basin, when we find 
patches of it occurring at intervals just as if they had been outliers 
of Reading Beds. The same is the case north of Chichester,’ 


VI. Summary AnD ConcLusions. 


In the first place, it seems clear that the mass of the Clay- 
with-Flints cannot have been derived from the Chalk. 
Chemical analyses show that the quantity of insoluble residue in a 
cubic foot of chalk is so small, that the residue left by dissolving 
a cubic mass of Chalk-with-Flints in sitw would not be a stratum 
of Clay-with-Flints, but a bed of loose flints with some clay in 
the interstices. More precisely, if the chalk dissolved was that of 
the Mieraster cor-anguinum-zone, and was 100 feet deep, the residue 
would form a layer about 7 feet deep, consisting of 6 parts of flint- 
nodules to 1 part of clay. Let such an accumulation be contrasted 
with the real material, in which at least half the bulk is clay. 

Again, if we consider the clay alone, and regard a depth of 4 feet 
of Clay-with-Flints as containing only 2 feet of clay, it would 
require the destruction of 200 feet of chalk from the zones of 
Marsupites and Micraster cor-anguinum to produce a layer of this 
thickness, and it would be impossible to get it without a great 
superabundance of flints; for, although flints are fewer in the 
higher zones, the insoluble residue in the chalk is also less. 

Lastly, it has been shown that, in areas where the Upper Chalk 
evidently has suffered very greatly from solution and detrition, as 
on Salisbury Plain, and especially over periclinal uplifts, there very 
little Clay-with-Flints is to be found. 


On the other hand, there is strong evidence to show that most of 
the material composing the Clay-with-Flints in the 
districts examined has been derived from the Reading 
Beds. These beds are an obvious source for the actual clay, and 
all who have washed samples of it have found that it yields a residue 
composed of grains of quartz and of ironstone, such as could not have 
come from the Chalk. Of the larger ingredients, the green-coated 
flints, rounded flint-pebbles, quartz-pebbles, and pieces of ferruginous 


1 See C. Reid, ‘Geelogy of Chichester’ Mem. Geol, Surv, 1903, p. 38. 
Q.J.G.8. No. 246. N 


158 MR. A. J. JUKES-BROWNE ON [May 1906, 


sandstone, in fact all the components except the unworn flints, could 
be, and probably were, furnished by the Reading Beds. 

A study of the stratigraphical relations of the two deposits shows 
that the largest and most frequent tracts of Clay-with-Flints are 
almost always found at levels which approximate to the prolon- 
gation of the inclined surface on which the Eocene lies; and, where 
they are at a distance from the main outcrop of the Eocene, the 
positions which they occcupy are generally those where traces and 
remnants of Reading Beds might be expected. 

Again, the larger tracts of Clay-with-Flints frequently border or 
support masses of brickearth and loam which have evidently been 
formed out of the wreck and disruption of Reading Beds. Lastly, 
existing outliers of Reading Beds are often flanked or bordered by 
Clay-with-Flints, which sometimes passes from the surface of the 
Chalk onto that of the Eocene; there are also cases in which 
several outliers of Reading Beds are united into one connected tract 
by a broad spread of Clay-with-Flints. 


I do not, of course, deny that some of the contents of this clay 
have been derived from the Chalk: the larger unbroken flint- 
nodules must have come from this source, and in most cases this is 
probably a consequence of the solution of chalk in situ; but I 
maintain that the amount of clay that can have been derived from 
the Chalk must have been very small, because it can generally be 
proved that only a small thickness of chalk can actually have been 
destroyed since the Eocene cover was broken up and removed. 
Thus, wherever outliers of Reading Beds occur among tracts of 
Clay-with-Flints, or wherever the inclination of the surface on 
which the Eocene rests can easily be prolonged as a reference- 
datum, it is found that the base of the Clay-with-Flints is not 
generally far below the level which must formerly have been 
occupied by Reading Beds. Here and there small quantities of 
Clay-with-Flints may have been let down by landslips, or have 
subsided into pipes and hollows, but the tracts of it which cover 
long ridges and plateaux are seldom found to be more than 30 or 
40 feet below the datum above-mentioned, whenever an estimate 
can be made. 

It may be objected that Clay-with-Flints does not always lie only 
on the summits of ridges or plateaux, but sometimes occurs on one 
side of a ridge, or irregularly on the slopes of aridge. This is true, 
but I think that in all these cases it has either slipped down from 
its original level, or has been let down by solution and subsidence, 
and that such displacements have taken place during the carving- 
out and widening of the valleys at the expense of the intervening 
ridges. This process of valley-erosion must have gone on rapidly 
when the rainfall was greater than it is now, especially while the: 
Glacial Epoch was passing away. ~The chalk exposed along the 
sides of the valleys must have yielded both to chemical solution 
and to mechanical erosion by the water flowing off the ridges ; and 
extensive landslips may have occurred in many places, by which a 
capping of Clay-with-Flints would be carried down far below its 
normal level, 
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To sum up, therefore, I conclude that the material of 
Clay-with-Flints has been chiefly and almost entirely 
derived from Eocene clay, with the addition of some 
flints from the Chalk; that its presence is an indica- 
tion of the previous existence of Lower Eocene beds 
on the same site and nearly at the same relative level, 
and, consequently, that comparatively-little Chalk 
has been removed from beneath it. Finally, I think that 
the tracts of Clay-with-Flints have been much more 
extensive than they are now. These inferences, however, 
do not exhaust the subject; they do not answer all the questions 
that we can ask about it, for there remains the question of the time 
and manner in which this residual product was actually formed, and 
this is by no means an easy question to answer. 


The accumulation cannot be regarded simply as the residue left 
by the almost complete detrition of tracts of Reading Beds which 
have gradually subsided into the Chalk, and have thereby absorbed 
unworn and unbroken flints from that formation. The phenomena 
are much too complicated to be accounted for in so simple a 
manner. No doubt it is largely a residue of Reading Beds, and it 
has sunk into the Chalk; but this is not all. The basement-bed of 
the Reading Group has been entirely broken up, the sands have 
been largely eliminated from the final product, and there has been 
an introduction of broken flints into this product. There is also 
sufficient evidence to prove that many of these angular flints have 
travelled from higher levels, and that there has been a moving 
and pushing of material from higher to lower levels, the various 
ingredients becoming mixed and kneaded together in the process. 

In order to form some conception of the conditions under which 
this complex product has been accumulated, I think that we must go 
back to the time when the Lower Eocene deposits had been removed 
to a large extent, but when they still remained over very large 
tracts outside the London and Hampshire Tertiary Basins. Such 
were the conditions that probably prevailed during the Pliocene 
Period. 

We know that there are some areas, such as Salisbury Plain, 
from which nearly all remnants of the Eocene have been removed, 
and on which very little Clay-with-Flints exists. In such a case 
only two alternatives present themselves: either very little Clay- 
with-Flints was ever formed, or else the greater part of it has been 
entirely destroyed. I am inclined to think that its absence on 
Salisbury Plain is a consequence of the removal of nearly all the 
Eocene, before the period arrived when conditions specially favoured 
the manufacture of Clay-with-Flints. Further, it seems to me that 
this period was most probably that which included what is known 
as the Glacial Epoch; and I use the term included, because this 
epoch must have been only the climax of a period during which the 
precipitation of rain and snow must have been greater over the 
whole of Europe than it had been before or has been since. 

I think, therefore, that we need not go back farther than to 
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Pliocene time to find Eocene deposits still occupying the greater 
part of the region between the London and Hampshire Basins, and 
also covering most of the ground which lies between the Chalk- 
escarpment and the main outcrop of the Eocene along the north- 
west side of the London Basin. Valleys were then being cut 
through these Eocene deposits, and some had doubtless been carried 
deep enough to reach the Chalk; but the intervening plateaux were 
probably so much broader, and all the minor valleys so much 
shallower, than they are now, that the cover of Eocene was nearly 
continuous. 

Let us next imagine the climatic changes which took place at 
the close of the Pliocene Period and during the early part of 
Pleistocene time. At first, there would be only an increased 
rainfall; but this would keep all the sands and clays of the Eocene 
deposits in a more or less saturated condition. Later on, each 
winter would bring heavier falls of snow, especially on the higher 
ground, and eventually a time would come when the high plateaux 
would be covered by thick snow-caps which might only melt off 
entirely during three or four months of the year. 

How would such conditions affect a plateau consisting of saturated 
Lower Eocene beds? I think that a considerable amount of move- 
ment would take place under the pressure of the snow-caps down 
the dip-slopes and outward from the main anticlinal flexures, 
Much loose sand might be pressed out from between the clays, 
while the latter would be greatly disturbed and broken up. By the 
general downward movement of the soil, flints from the higher 
Chalk-ridges would be carried to lower levels, and being cracked 
by the variations of temperature to which they must have been 
exposed, would furnish a supply of angular flints and flint-chips 
which would become mixed with the reconstructed Eocene material. 
Lastly, in those places where the Eocene cover had been reduced 
to a comparatively-small thickness of Reading Beds, these beds 
may have been disintegrated and reconstructed down to their very 
base: outlying tracts being completely broken up and crushed, or 
spread out over a larger surface. 

The foregoing hypothesis, although arrived at independently, is 
really but an amplification of an opinion already expressed by 
Mr. Clement Reid in the following terms :— 

‘ Another thing must be taken into account in estimating the date of any 
particular part of the Clay-with-Flints. It is highly probable that much of the 
deposit was to some extent disturbed and reconstructed during the Glacial 
Period, when floods, caused by the melting of the snow, or by rain falling on 
frozen soil, combined with creep or soil-cap motion further to mix material 
which had already been moved.’ ! 

I only differ in thinking that the deposit was mainly formed by 
such movement and reconstruction as took place during the Glacial - 
Epoch. 

When the Glacial episode passed away and the climatic con- 
ditions became less severe, large tracts which had previously been 
covered by a normal succession of Eocene deposits must have been 


a ee Geology of the Country around Salisbury’ Mem. Geol. Sury. 1903, 
p. 64, 
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reduced to the state now presented by the masses of so-called 
‘brickearth.’ Much of what has been mapped as Clay-with-Flints 
has probably been formed from the further disintegration and 
detrition of these brickearths, accompanied by solution of the chalk 
upon which they rest. Take, for instance, such a tract of Clay-with- 
Flints as that around Aldworth and Ashampstead (see p. 147): the 
existing Eocene outliers are evidently those portions of a larger 
mass that escaped reconstruction during the Glacial Epoch; the 
surrounding and intervening tract of Clay-with-Flints consists of 
the remains of the disintegrated portions of the same Eocene 
deposits, mingled with materials which have travelled from the 
higher ground on the north and north-west. 

The enclosure of unbroken chalk-flints in the clay could only 
take place where the rain had easy access to the underlying Chalk. 
This would, at first, be chiefly round the periphery of such a tract ; 
but afterwards it would occur at places within the area where 
mechanical erosion had left only a small thickness of clay-cover, 
or where a growth of large trees had sent their roots through the 
base of the Eocene into the Chalk. Thus, under the continued 
action of rain, both mechanical and chemical, such a tract would 
diminish in size and thickness, and would be intersected by rain- 
channels, some of which would eventually cut down to the Chalk. 
It seems easy to imagine a continuance of this process until the 
whole mass was reduced to its present state, when it consists partly 
of displaced masses of Eocene clay and sand, partly of residual 
Clay-with-Flints: the whole haying sunk down irregularly into the 
Chalk, until parts of it are 30 or 40 feet below the inclined plane 
upon which the Eocene outliers rest. 

While, therefore, I do not deny that some of the material which 
now enters into the composition of the Clay-with-Flints may be 
Eocene detritus collected in the Miocene or Pliocene Periods, 
I think that the accumulation, as we now find it, is the 
result of a special set of processes which were in 
operation during late Pliocene and early Pleistocene 
times. In more recent times, I think that there has been little 
accession of material to the Clay-with-Flints, except by a limited 
solution of the Chalk. Post-Glacial erosion must have destroyed a 
great deal of it, by widening all the valleys at the expense of the 
intervening ridges, until what were formerly large tracts of Clay- 
with-Flints have been reduced to the condition of small patches 
scattered over an area of bare chalk. 


In conclusion, I gratefully acknowledge the assistance afforded 
me by Mr. William Hill, F.G.S., who has devoted much time and 
care to the weighing experiments and to the estimation of the 
residue from several samples of chalk. I also desire to thank 
Mr. H. J. Osborne White, F.G.S., for much useful information, as 
well as for specimens of chalk and Clay-with-Flints from near 
Wargrave. For other specimens and information I am indebted to 
Mr. Charles Griffith, F.G.S., Mr. C. J. Gilbert, F.G.S., Mr. J. Saunders, 
and the Rev. E. C. Spicer, F.G.S., as mentioned in the foregoing pages. 
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EXPLANATION OF PLATE VI. 


1. Section across Salisbury Piain and the Alderbury syncline. (Seep. 150.) 
2.8 


Fig. p. 
: ection from near Braishfield through Farley Down. (See p- 153.) 


Discussion. 


Prof. Borp Dawxrys said that he fully accepted the general 
conclusions at which the Author of this very interesting paper had 
arrived. The Clay-with-Flints was the result of the destruction of 
beds which were mainly, but not exclusively, Eocene. He (the 
speaker) had explored beds of similar nature and origin in the 
country round Chartres. ‘The analyses cited by the Author agreed 
precisely with those which the speaker had made many years ago : 
in the lowest beds of the Lower Chalk the percentage of insoluble 
residue was the highest, diminishing from 20 to 5 per cent. as one 
approached successively-higher horizons. Very likely, the Clay- 
with-Flints was the outcome of work performed by geological 
agencies both during, before, and after Pliocene and Pleistocene 
times. 

The Rev. Epwin Hix enquired whether anything in East Anglia 
represented the Clay-with-Flints. If it was absent, the presence 
of Eocene Beds might support the views of the Author. 

Mr. H. W. Moncxron said he thought that no one could regard 
the deposits which it has been found convenient to map as Clay- 
with-Flints as, in the main, a residue from the slow solution of the 
Chalk: they undoubtedly consisted very largely of débris of Eocene 
strata. It appeared to the speaker that an explanation of the origin 
of the Clay-with-Flints, in order to be quite satisfactory, should 
also cover the deposits of brickearth which seemed to be so closely 
associated with the Clay-with-Flints, and reached an imposing 
thickness on the plateaux near Great Hampden and Caddington, 
for example. 

Prof. Sotxas said that he cordially congratulated the Author, and 
fully agreed with his results, which had anticipated his own. In 
support of them he cited the deposit at Stokenchurch, where the 
Clay-with-Flints contains fragments of Tertiary brown sandstone 
(identical with that of Nettlebed); also the occurrences in the 
neighbourhood of Ewell, where the Clay-with-Flints is seen to 
overlie Tertiary strata. 

Mr. A. 8. Keynarp said that his own observations on the North 
Downs entirely confirmed the Author’s conclusions: but he could 
not admit that the Glacial Period had anything to do with the 
formation of the Clay-with-Flints, which must be earlier than 
the existing valleys. 

Mr. G. W. Youne expressed his diffidence in addressing the - 
Fellows on the evening of his introduction to the Society, and said 
that he only ventured to do so, because the subject was closely 
connected with the theory of dry Chalk-valley formation which he 
had advocated before the Geologists’ Association in June last. He 
welcomed the Author's conclusions, because they strongly confirmed 
his own suggestion that a clay-shect was once continuous over the 
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North Downs, and showed that such a sheet was, not. merely 
hypothetical, but highly probable. On the older theory of the 
Clay-with-Flints being the undissolved residue of the Chalk alone, 
he had always found it difficult to account for the large proportion 
of clayey matter present. The zone of Micraster cor-anguinum 
might certainly yield the flints, and possibly flints were necessary 
to hold the clay in place. If so, this would account for its absence 
over the northern part of the Chalk in Surrey, because this was 
now known to be largely the zone of Mursupites, which yielded 
very few flints. He believed that the overstepping of the Eocene 
strata was greater than the Author stated, as they rested at Worms 
Heath upon the zone of Micraster cor-testudinarium, and at Willey 
Heath, near the Caterham boring, upon that of Holaster planus. 

Mr. Srrawan asked for a definition of the term Clay-with- 
Flints. 

Mr. 8. Hazzippinz Warren said that he was gratified to find his 
views, which he recently brought before the Anthropological Institute 
in another connection, so amply confirmed: those, namely, with 
regard to the kneading-together into a common mass of superficial 
beds of various ages and of different origin, during their gradual 
movement from higher to lower levels. With reference to Mr. 
Monckton’s remarks on the brickearth of Caddington, it was worthy 
of note that this yielded Paleolithic implements of Moustérien age ; 
while in Kent, certain very similar brickearths of the Chalk-tract 
yielded Neolithic remains, even to a considerable depth, including 
polished stone axe-blades, arrow-points of the usual types, and 
fragments of primitive pottery. Such rain-wash or stream-laid 
brickearths might, therefore, be of different ages, and have little 
in common with the Clay-with-Flints. He was quite unable to 
agree with Mr. Kennard that the hill-drifts must necessarily be 
older than the valley-drifts, as it was of the essence of the former 
that they should be formed on the hills, and not in the valleys. 
Ancient valley-drifts frequently capped the summit of the existing 
hills; but the true hill-drifts,in the speaker’s opinion, were of 
different origin. 

Mr. W. P. D. Srepzrne, in referring to the superficial deposits on 
the North Downs south of Epsom, said that he had always taken 
the term Clay-with-Flints to mean a formation distinct from 
the jumble of materials which the Author included in his rendering 
of the term, and which might be a mixture of Thanet Sands, 
Woolwich & Reading Beds, and Blackheath Beds, or one or 
two of these redeposited. He understood by the term Clay- 
with-Flints a bed of stiff, usually red, clay with unrolled and 
practically-unbroken flints, resting upon and within swallow-holes 
in the Chalk, and occurring nearer the edge of the escarpment than 
the redeposited Lower London 'fertiaries. He considered this bed 
to show distinct evidence of having been formed by a slow 
dissolving-away of the Chalk, and therefore of a different age 
from the worked-up mass of Tertiaries, which occurred rather 
farther from the edge of the escarpment and showed clear traces of 
a movement and rearrangement on a much larger scale than the 
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typical Clay-with-Flints. On the North Downs the movement of 
these superficial beds was still going on, and they were still to a 
certain extent being added to by the slow weathering of the existing 
outliers of the Tertiaries. With a higher water-level this was more 
rapid, and evidence of the extent of this denudation might be indi- 
cated by a bed of practically-clean unrolled flints in one of the 
dry valleys running northward from the edge of the Downs, which 
could not have been transported far, but for which the water- 
action was enough to carry away the clay wherein the flints were 
embedded. 

Mr, Waurraxer, who read the paper for the Author, prefaced his 
reply by alluding to his own connection with the Clay-with-Flints, 
which began in Berkshire, during the early days of his work on 
the Geological Survey. He was much troubled by the deposit, 
then little known, and at one time despaired of understanding it ; 
but his depression was cured on finding that some of his senior 
colleagues had been led astray by this clay. The name used was 
unwittingly the same as that given by French geologists to a lke 
deposit in France (argile a silex), and it was coined after 
work in Berkshire. ‘That work was extended into neighbouring 
counties, and a theory of origin was then advanced. Later on, 
the work of mapping the Clay-with-Flints was greatly extended 
by the Geological Survey, both on the northern and southern 
sides of the London Basin, on the old series of maps. Still later, 
other tracts were surveyed, and the results published on the new 
series of maps; and it was to these tracts that the paper chiefly 
referred. 

To Prof. Dawkins he replied that, while of course it was possible 
that some London Clay might have found its way into the deposit, 
in the area specially described by the Author the Reading Beds 
were generally a thick mass of clay, quite enough to account for so 
thin a deposit. 

The answer to the Rev. KE. Hill’s query as to East Anglia, was 
that there was practically no representative of the Clay-with-Flints 
there, the occurrence of a wide and thick mass of Boulder-Clay 
having made its formation difficult, on any theory of origin. 

As to Prof. Sollas’s Clay-with-Flints over Eocene sand, Mr. 
Whitaker said that he should like to see the deposit, for he might 
be disposed to classify it otherwise. 

Mr. Kennard’s objection concerning the bringing-in of the 
Glacial Period, already called in to account for the gravels of the 
valleys, was met by the reminder that it was not the Author who 
had so called it in. Mr. Whitaker thought that the gravels in 
question might be post-Glacial, and so perhaps did the Author. 

In conclusion, Mr. Whitaker considered that the Author had _ 
made out a good case, at all events so far as concerned the tract to 
which his remarks were chiefly confined, and he hoped that further 
investigation would be made in other areas, where there was a 
difference in the relations of the Clay-with-Flints to the Eocene 
Beds. He was always ready to learn from younger workers, who 
of course had the advantage of later information. 
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9. The Tarns of the Canton Trorno (Swirzertanp). By Epmunp 
J. Garwoop, M.A., Sec.G.S., Professor of Geology in University 
College, London. (Read June 7th, 1905.) 


[Pratus VII—XXI.] 


ConTENTSs. 
Page 
el ntrocuchonum tere ceca: weaken Ten PLO 
ieAhe Wakessottheuval (Pioraces se tescessssese neice 168 
IIT. The Lago-Tremorgio Group ..........ssseeeeseeeseeees 182 
Vie hors tachontmandmna esa eer aa saeec entero eee eneee 184 
WES he pliacorduy Nom ntteiesns eosstec.uste arte 187 
WaleiGeneralli Conclusions axdecueanthteeee pereaaee ee 188 


I. Inrrovvcrion. 


Tux study of lakes, so long neglected by geographers in the past, 
has of recent years received a great impetus from the investigations 
of Prof. Forel,! M. Delebecque,? Prof. Penck,* and other workers 
on the Continent, and of Prof. Russell,* Prof. Gilbert,’ and Prof, 
W. M. Davis ® in America; while in our own country, Dr. Mill,’ 
Dr. Marr, Sir John Murray,® Mr. Pullar, and others have aroused 
our interest in this fascinating subject. 

In his exhaustive ‘ Handbook of Limnology, Prof. Forel 
remarks :— 

‘Each lake is an organism in itself, each has its peculiarities. its special 
history in the past and in the present, each deserves a special description. 
Hence the charm and also the scientific value which attach to the study of 
lakes in general and to that of each lake in particular.’ ° 


Of all the numerous interesting branches of study connected with 
lakes, that of the origin of the hollow in which the lake occurs 
is the one that must especially appeal to the geologist; while of 
these hollows, those basins that are entirely surrounded by solid rock 
are certainly the most interesting and the most difficult to explain. 

The theory, originally advanced by the late Sir Andrew Ramsay, 
and supported by Tyndall, Gastaldi, and de Mortillet, which would 


1 BF, A. Forel, ‘Le Léman’ Lausanne vols. i-iii (1892-1901). 

2 A. Delebecque, ‘Les Lacs Frangais’ Paris, 1898. 

3 A. Penck, ‘ Morphologie der Erdoberflache’ pt. ii (1894) pp. 203-327. 

41. C. Russell, ‘Geological History of Lake Lahontan’ U.S. Geol. Surv. 
Monogr. xi (1885). 

5 G. K. Gilbert, ‘ Lake Bonneville’ U.S. Geol. Surv. Monogr. i (1890). 

6 W. M. Davis, ‘On the Classification of Lake-Basins’ Proc. Boston Soc. 
Nat. Hist. vol. xxi (1882-83) p. 315. 

7H. R. Mill, ‘Bathymetrical Survey of the English Lakes’ Geogr. Journ. 
vol. vi (1895) pp. 46, 135. 

8 Sir J. Murray, ‘ Bathymetrical Survey of the Freshwater Lochs of Scotland’ 
Geogr. Journ. vols. xxii-xxvii (1903-1906). 

9 *Wandbuch der Seenkunde’ Stuttgart. 1901, p. 9. 
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haye us regard the majority of the large Alpine lakes as due to the 
direct erosive action of ice, has gradually given rise to a detailed 
consideration of the genesis of each individual lake. 

At the present day, several eminent authorities still attribute the 
origin of some of the larger Swiss and Italian lakes to ice-erosion. 
Thus Prof, Brickner, in his recent work,! considers that the Lake of 
Ziirich was created by glacial overdeepening, and that it represents 
the end of an old valley which was overdeepened by the Linth Glacier; 
he also attributes the formation of the Lakes of Zug and Lucerne to 
the same agency.? Prof. Davis again, in his paper on ‘ Glacial 
Erosion in the Valley of the Ticino,’* attributes the rock-basin of the 
Lago Maggiore to direct ice-erosion. It is evident, therefore, that 
this theory is in no wise extinct. On the other hand, many Swiss 
and Austrian geologists, notably Prof. Heim and Dr. Forel,* 
attribute all these lakes to post-Miocene earth-movements in one 
form or another. These lakes, which are of considerable size, 
all occur in the outer zone of the Alps, or the ‘ Kalk-Alpen’ of 
Continental writers, and are often spoken of as ‘ Randseen’ or 
marginal lakes, Itis not, however, with these that I am at present 
concerned, 

The lakes, the origin of which I intend to discuss in the present 
communication, are those to which in this country the name ‘tarn’ 
is frequently applied; they occur invariably in mountain-districts, 
and in the Alps are confined to the ‘ Hochgebirge.’ They may be 
defined as lakes draining into the principal Alpine valleys, whereas 
the Randseen receive the drainage of these valleys. 

These tarns, although they frequently occur as ‘ corrie ’-lakes, 
include also others which, strictly speaking, do not come under 
this category. Of these latter, some are true rock-basins ; while 
others owe their origin to the damming of valley-drainage by loose 
material. ; 

Not long ago, Dr. Marr, in writing of the ‘Tarns of Lake- 
land, pointed out that many, if not all, of them were due to 
accumulation, and expressed a doubt as to whether any lakes 
of this class would eventually prove to be true rock-basins. What- 
ever may be the case in Cumberland, there can be no doubt of the 
occurrence of true rock-bound tarns among the ‘ Hochgebirgseen’ 
of the Alps. 

In the pages of the ‘Geological Magazine’ for 1898,’ Prof. Bonney 
instanced a group of lakes in the neighbourhood of Airolo, which he 
unhesitatingly described as true rock-basins, and referred provi- 
sionally to excavation by ice; though, in the case of Lake Ritom, at 


1 A. Penck & E. Briickner, ‘Die Alpen im Hiszeitalter’ Leipzie, Lieferune 
(1903) p. 525. : Srey > 

> Op. cit. pp. 537-88. 

* * Appalachia’ vol. ix (1900) pp 151-52. 

* A. Heim, ‘Die Entstehung der Alpinen Randseen’ Vierteljahrsschrift 
der Naturforsch. Gesellsch, in Zitrich, vol. xxxix (1894) p. 66; and F. A, Forel 
Bull, Soc. Vaud. Sei. Nat. ser. 3, vol. xxvi (1890-91) Proe-verb. pp. xii, xv; 
& ‘Le Léman’ vol. i (1892) pp. 211 e segg. 

° P. 15 [not p. 45, as stated in the index of that volume]. 
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all events, he ‘saw difficulties.’ A glance at the geological map of 
Switzerland shows that these lakes lie along the outcrop of certain 
Mesozoic limestones. It is also noticeable that, if traced westwards 
from the Airolo district, other lakes, such as the Engstlensee and 
the Trubsee, are found to be situated on the outcrop of the same 
rocks. Furthermore, it is obvious that many of the chief valleys and 
passes, such as the Val Bedretto and the Nufenen Pass, or again 
the Urserenthal and the Furka Pass, have been excavated along the 
strike of these calcareous rocks. 

In noting these facts, I felt convinced that the occurrence of so 
many tarns along the outcrop of the same beds as those in which 
the valleys and passes had been excavated, must point to something 
more than mere chance coincidence. An especial interest attaches 
to these lakes, inasmuch as they include the group the origin of 
which Prof. Bonney has hesitatingly conceded to icc-erosion. I 
have, therefore, devoted portions of my summer-holidays during 
the past few years to their investigation. 

I began work on the western group of lakes, which lie to the 
west and north of the Titlis. A preliminary survey showed that 
no definite conclusions could be reached, without some knowledge 
of the depth and gencral form of the lakes; none of these lakes, 
however, had been sounded, and this work yet remained to be 
done. One great obstacle presented itself to the immediate accom- 
plishment of this preliminary step, in the fact that the majority of 
the tarns are destitute of boats. After consideration, I abandoned 
the idea of a portable boat, as the lakes are seldom free from wind 
after sunrise, and the accuracy of the soundings obtained from a 
drifting coracle seemed to me to leave a good deal to be desired. 

Eventually, with the assistance of a grant from the Government- 
Grant Committee of the Royal Society, I succeeded in constructing 
a sounding-machine which could be used from the banks without a 
boat, capable of yielding very accurate results, being self-registering 
both as to the depth and the positions of the soundings. With this 
instrument I made a detailed survey of the group of lakes of 
the Val-Piora district, and later included other important tarns 
of the Canton Ticino. In the work of sounding these tarns 
I received great assistance from my friends, Miss Violet Waine- 
wright, Mr. Haworth Moberly, and Dr. Ernest Kingscote, to each 
and all of whom I tender my sincere thanks, not only for the 
results that they accomplished, but for the way in which, by their 
ever-ready help and interest, they converted a somewhat tedious 
piece of work into a summer-recreation. 


Tn the following pages I have endeavoured to bring together such 
facts as seem to bear on the origin of these lakes; but I have not 
yet had the opportunity of visiting all the tarns in the Canton 
Ticino, and my remarks must therefore be taken to apply only 
to those lakes which are actually described. 
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Il. Tae Lakes or tHE Vat Prora. 
[Pl. VII—topographical map, facing this page. ] 


These lakes lie in a series of hollows in and around the mountain- 
glen of the Val Piora. This depression has been carved out of a 
series of limestones and schists, which have been squeezed in 
between two masses of gneiss—one of these forming the northern 
wall of the Val Levantina below Airolo, and the other constituting 
the Val-Cadlimo district on the north. hat the majority of these 
lakes occupy rock-basins is clearly shown in Prof. Bonney’s careful 
description.’ I will reserve any further general remarks until 
I have described the lakes in detail, when we shall be in a better 
position to discuss the evolution of the district as a whole. 


Lago Ritom (see Pls. VII, VIII, & XVI) is situated exactly 
6000 feet above sea-level, and occupies a true rock-basin. It has 
a length of about 2190 yards, and a width (at the upper end) of 
some 590 yards, becoming narrower towards the exit. It is fed 
chiefly by three streams, namely, the Murinascio torrent, draining 
the Val Piora, and the two streams carrying the overflow from 
Lago Tom and Lago Cadagno respectively. These last-named lakes 
receive the drainage from two unnamed tarns, to which, for conve- 
nience, I shall refer as Lago Taneda and Lago di Murinascio. The 
former (namely, Lago Taneda), which lies on the watershed, drains 
southwards through the Lago Cadagno, Jago di Murinascio has 
no true exit; any surplus-water that there may be finds its way 
through the screes which form the lowest point of its containing 
barrier. Lago Ritom must once have extended nearly 1000 yards 
farther to the north-east, over the area now occupied by a delta 
which forms a swampy alluvial flat; a delta which, from its 
peculiar situation, might well be used to ascertain the length of 
time that has elapsed since the close of the Glacial Period in this 
district. The southern shore of the lake is formed of coarse foliated 
gneiss, dipping north-north-westward at about 35°; while the 
northern bank runs along the foot of a steep escarpment of 
calcareous crystalline schists—a complicated series, much folded, 
contorted, and crushed. At the south-eastern corner of the delta, 
outcrops of rauchwacke and dolomite occur; and the same beds 
must form the floor of the lake throughout its length, for they 
reappear at its western end, where they are found cropping out 
close to the Hotel, while beds of a similar calcareous character 
occupy most of that end of the lake in places up to the 1980-metre 
contour. As this fact is not at all clear from Dr. K. von Fritsch’s 
map, where only a small patch of rauchwacke is shown, forming 
the saddle between Pian’ Alto and Fongia, a brief description of 
the rocks that occupy this end of the lake is necessary. 

Starting from the exit of the lake, we find the water of the Foos 
running out over the southern mass of gneiss. This rock can be 
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followed for a few yards past the Hotel to a point where the path 
to Pian’ Alto turns up to the left. Here the gneiss dips under 
the end of the lake, and is not again seen; north of this no outcrop 
of rock in place is met with, until we reach a conspicuous gully 
which ends in a well-marked delta, the broad depression that 
intervenes being obscured by fallen talus. If, however, we turn 
up the path to Pian’ Alto, we find that the gneiss is immediately 
overlain by a bed of pale pink rauchwacke, closely resembling 
in texture the rock which crops out at the south-eastern end of the 
lake. 

The junction between the gneiss and the rauchwacke runs 
almost along the track leading to the little knoll behind the Hotel, 
marked 1930 m. in the Swiss Government map (see Pl. VII); in 
fact, the track has taken this line up the dip-slope of the gneiss, 
on account of the depression formed by the unequal weathering at 
the junction of these two rocks. From here the outcrop of the 
calcareous rock can be traced northwards, across the scree-covered 
depression, to a conspicuous bluff occupied by a small plantation of 
nine fir-trees. Here the rock is rather lighter in colour and much 
honeycombed, and closely resembles the rock surrounding the exit- 
end of Lake Tom. Masses of this rock are found in the gully- 
section farther north; and it crops out again farther on, by the 
side of the path running round the north-western edge of the 
lake (see Pl. XIII, fig. 1). 

If we now follow the upper portion of the outcrop, south from the 
tree-covered bluff, we find a conspicuous band of the same rock, 40 to 
50 feet thick, running for some distance round the eastern flank of 
Fongio, behind the 1930-metre hill, and dipping at some 6° to 10° 
northwards in the neighbourhood of the 1980-metre contour-line. 
After continuing for some distance in this direction, it ceases 
abruptly. It is found, however, a few yards below, on the path 
running round the hill into the Val Canaria. An analysis of this 
band is given below (p. 177). 

The rock is everywhere micaceous, and in places contains large 
tufts of actinolite, which appear to be arranged roughly along 
certain planes. A good section, showing nests of actinolite-crystals, 
is exposed in the little quarry at the back of the Hotel. 

It will be seen, then, that from the edge of the gneiss the western 
end of Lake Ritom is composed of calcareous rocks, up to a height of 
1980 metres. The abrupt disappearance of this mass at either end 
of the outcrop is very suggestive ; and we may, I think, regard the 
area occupied by Lake Ritom as a large lenticle of calcareous rock, 
possibly including a bed of gypsum, encloséd between the gneiss on 
the south and the crystalline schists on the north. 

An interesting feature is brought out by a comparison of the 
northern and southern shore-lines of the lake. The former, dis- 
regarding the scree and delta-material, is seen to run in a straight 
line along the length of the lake; the latter, on the other hand, is 
broken by numerous bays and rocky headlands (see Pl. VIII). 

The surface of the southern mass of gneiss, as shown above, can 
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be traced westwards under the calcareous rocks on the north side 
of the 1930-metre hill. It represents therefore almost exactly the 
former line of junction of this gneiss with the overlying rauchwacke, 
now removed by denudation over the area occupied by Lake Ritom; 
and the existence of the bays and headlands seems in some cases to 
have been determined by folds or crumplings, which must once have 
affected both sets of rocks, as will appear by an inspection of the 
bathymetrical contours. Some of the bays, however, are due to 
stream-erosion, as shown by the abruptly-truncated strike. 

The general shape of this lake-basin is indicated on the bathy- 
metrical chart(Pl. XVI). The greatest depth met with was 163 feet, 
in the centre of the lake. The greater part of the lake is over 
100 feet deep; while an area, about 330 yards in length and 
150 feet or more in depth, occupies what must originally have been 
the centre of the lake, if we allow for the portion at the upper end 
which is now filled with delta-material. The floor of Lago Ritom 
is thus seen to form a very symmetrical trough, the axis of greatest 
depth running east and west, practically down the middle of the 
lake. The contours near the southern side are influenced by the 
subaqueous folds of the gneiss for some distance from the shore. 
The contours along the northern bank bear no particular relation 
to the subaérial escarpment, being chiefly influenced by landslips and 
rock-falls from the steep cliffs above: were it not for the loose 
material thus accumulated, the northern shore would undoubtedly 
descend much more steeply than it now does. 


Lago Tom (see Pls. IX, X, XII, & XVII).—This lake lies at 
an elevation of 6637 feet above the sea. It occupies a hollow 
directly above, and to the north of, Lago Ritom. In shape it is a 
rough oval. Its greatest length from north to south is exactly 550 
yards, and its greatest width from east to west about 350 yards. 


Prof. Bonney remarks in a footnote (op. cit. p. 19) : 


‘Tts area is given as 1000 square metres, and it is said to be shallow, But I 
should think it would not be less than some 20 feet deep, and might be more.’ 


The greatest depth that I obtained was exactly 50 feet. The lake, 
again to quote Prof. Bonney : 


‘occupies a kind of cirque, and lies in the strike of the same rocks [as Lago 
Cadagno |, for theenclosing crags consist of similar amphibolitic and granatiferous 
gneiss, and at the lower end is rauchwacke, which can be traced from the 
southern side of the basin of the Lago Cadagno across the intermediate spur.’ 


The lake terminates at its southern end in a wall of rauchwacke 
about 16 feet high. A short gorge leads into the heart of the 
rauchwacke, near the eastern end of this wall; and after heavy 
rain, when the lake is high, I have seen the water flowing through 
this channel and disappearing underground. It reappears as a 
spring farther west, on the south side of the barrier of rauchwacke 
exactly at the junction of that rock with the underlying schist. 
After a spell of fine weather the level of the lake falls so that the 
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water does not reach the channel, and a broad, flat beach is laid 
bare at the south-western end of the lake; the spring, however, 
continues to issue at the same spot. This ‘terminal’ wall of 
rauchwacke is rotten and honeycombed, and just above the spot 
where the spring now issues is situated a large cave which evidently 
represents the old source of the spring, when it escaped higher in 
the rauchwacke (see Pl. XII, fig. 1). Apparently it has gradually 
dissolved its way down to the level of the insoluble schist, against 
which it is now thrown out. The rock is a fine-grained meta- 
morphosed limestone containing some 16 per cent. of dolomite, and 
8 per cent. of insoluble material, chiefly silica. 

The bathymetrical chart (Pl. XVII) shows the general shape of 
the lake-floor. The maximum depth of 50 feet is situated about 
one-third of the way from the northern end of the lake. The axis of 
greatest depth runs east and west, and passes through this point. It 
is parallel to the strike of the rocks, and appears to coincide with 
the junction of the rauchwacke and the overlying crystalline 
schist. The shore of the lake is entirely formed of delta-material 
and sand, with the exception of the southern wall of rauchwacke 
described above, But for this the upper end of the lake would, as 
in the case of Lago Ritom, undoubtedly show deeper soundings near 
the northern shore. The flat shallow bay occupying the southern 
end between the delta and the exit-channel has an average depth 
of. about 3 feet, and is strewn with fragments of mincrals, many of 
them presumably derived from crystalline schists. These coarser 
fragments must have been brought down by the stream descending 
between the rauchwacke and the overlying schists; and it is a very 
suggestive fact that, although fragments of mica clearly derived 
from the rauchwacke are represented, no pebbles of this rock are 
found, despite its occurrence here in situ round the end of the lake. 


Lago Cadagno (see Pls. XI & XVIII) lies due east of Lago 
Tom, at the somewhat lower level of 6302 feet. It is situated 
apparently on the strike of the same beds (namely, the rauchwacke 
on the south, and the overlying crystalline schists on the north), and 
occupies a slight synclinal depression. It is surrounded by alluvium 
and scree-débris, with the exception of the north-eastern corner, 
where solid rock occurs, and the southern bank, where the rock is 
plastered with morainic material. The lake doubtless once extended 
to the rocky barrier over which the river now falls into Lago 
Ritom ; but the western end has been filled up by material washed 
down from the steep escarpment on the north and north-west. It 
is possible that it once drained from its south-eastern end. The lake 
is 875 yards long and about 330 yards in width, the greatest depth 
being 62 feet. The bathymetrical chart (PI. XVIII) shows that it 
is a symmetrical spoon-shaped hollow, haying an axis of greatest 
depth running east and west, parallel to the length of the lake, 
situated nearer to the northern than to the southern shore. It is 
fed by a group of some ten or twelve streams which cascade down 
the precipitous scarp-face on the north. Most of these originate in 


172 PROF, E, J. GARWOOD ON THE [May 1906, 


patches of snow, which lie throughout the greater part of the year in 
hollows near the watershed; but one, the lowest, occupying the centre 
of the cirque, originates in the little Lago Taneda mentioned on 
p. 168. This cirque is a good example of an escarpment-cirque, 
formed by a series of streams which derive a constant supply from 
lakes and melting snow. The water from Cadagno winds through 
the alluvial and morainic material mentioned on the previous page, 
to the edge of the rock-escarpment of quartz-cale-garnet schist ; but 
the fall is very slight, probably not more than a few feet. The 
rock-basin of Cadagno must, therefore, be at least 50 feet deep. 
From the edge of the escarpment the water plunges abruptly into 
the Ritom basin, down a cliff 100 feet high, near the centre of the 
synclinal fold. 


Lago Scuro (see Pls, XII & XIX) is undoubtedly one of the 
most interesting of the lakes in this district. It lies at a height of 
8048 feet, and is situated almost on the watershed between the 
Ticino and the Reno di Medels (or Medelser Rhein), its exact 
position being some 150 or 160 feet below the summit of the ridge 
on the northern side. It drains through the Val Cadlimo into the 
Medelser Rhein, and occupies a true rock-basin, which lies along the 
junction between the schist and the northern mass of gneiss. 

It is roughly oval in shape, and has a longer diameter of 404 yards, 
which runs north-north-east and south-south-west. The only 
drainage that it receives is derived from the melting snow round its 
sides, and it discharges its surplus water down a rocky channel into 
the Cadlimo River. The bathymetrical chart (Pl. XIX) shows it 
to have a maximum depth of 138 feet. The contours run roughly 
parallel to the shore, and the axis of greatest depth lies east-north- 
east and west-south-west, in the general direction of the junction 
of the gneiss and the crystalline schists. The shore is entirely 
formed by rock 2m sitw with occasional loose blocks, while a patch 
of snow permanently occupies a portion of the eastern bank. The 
dip of this schist is about 40° northward, but it can be seen sweeping 
round in a basin-like curve across the southern end of the lake. 
Soundings show that ridges of rock continue under water for some 
distance out, and thin bands of harder material have weathered out 
sharply as to cause considerable trouble in using the sounding- 
ine. 


Lago Taneda (for contour-map, see Pl. XX) occupies a rock- 
basin, lying at a height of 7740 feet, and is situated along the same 
line of strike as Lago Scuro. According to Dr. Fritsch, who mapped 
the district in detail, the junction between the northern mass of 
gneiss and the underlying schist runs down the middle of the lake 
The relation between these rock-masses at the exit is not very 
clear; but the gneiss is well seen, forming the watershed above 
the north side of the lake, where it appears to be iceworn. The 
southern shore is formed of a gneissose mica-schist dipping about 
40° northward; but immediately below this, on the track leading 
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down to Lago Cadagno, an outcrop of black hornblende-schist 
occurs. ‘The rocks forming the shores of the lake are jagged and 
broken, and show no signs of ice-abrasion. The cliff of gneiss above 
the northern and eastern shores is interrupted and broken down 
towards the north-west, where a low col leads over into the Val 
Jadlimo. The lowest point of this col lies some 150 feet above the 
present level of the lake. Another, but less well-marked depression, 
leads from the spring on the north-western shore to a small pool, 
which drains into the Lago Lisera in the Val Cadlimo. 

Lago Taneda is, therefore, situated as nearly along the watershed 
as may be, and itis probable thatit drained at some former time over 
one or both of these gaps into the Val Cadlimo; possibly during a 
temporary obstruction at the present outlet, or before it had been 
cut down to its present depth. 

The greatest length of the lake from east-south-east to west- 
north-west, along the line of strike, is 490 yards; and the greatest 
depth is 140 feet, practically the same as that of Lago Scuro. The 
bathymetrical chart (Pl. XX) shows that the greatest depression 
is situated towards the western end of the lake, while the narrower 
south-eastern end forms a shallow bay. There is, however, a 
general axis of greatest depth running along the length of the lake 
parallel to the strike of the rocks, which probably coincides with 
the junction between the gneiss and the schistose rocks, 


Lago di Murinascio, alone among the tarns in this district, is 
situated wholly in one set of beds. It lies ata height of 7562 feet, 
and occupies a corrie in the northern wall of the Val Piora, above the 
Murinascio Alp. It belongs to the upper group of lakes represented 
by Lago Taneda and Lago Scuro. The lake is not entirely rock- 
bound, the water at the lower end being held up by scree-material. 
No soundings were made, as this lake is not a true rock-basin, and 
there is no exit. A ridge of rock, however, forms the shore on the 
south side, and it may possibly be a shallow rock-basin. 


Lago Lucomagno, situated in a corrie on the south-western 
flank of the peak of that name, is partly scree-dammed, but must be 
a rock-basin some 40 feet deep. It drains directly into the Ticino 
below Varengo, but in this case, as in that of Lago Tom, there is no 
overflow. <A spring (which issues some 500 feet below) appears, 
however, to derive its supply from this lake. The lake is almost 
divided into two separate sheets of water by a narrow peninsula, 
The water at the lower end is partly held up by rock-talls and screes, 
and partly by rock in situ, and is situated along a strike-ledge in 
the gneiss. The depression which the lake occupies can be seen 
continuing as a line of weakness to the east, where it is weathered 
out into a gully in the hillside. 

A little tarn, not shown on the Government map, occurs on the 
northern slope of the same mountain, but it is obviously due to a 
landslip, and does not require our further attention. 


Q.J.G.5. No. 246. c 
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Lago Camoghé, lying on the western slope of the peak of that 
name, is another example of a scree-dammed tarn. Its formation 
may, however, have been influenced by the occurrence of a bed of 
rauchwacke, which occupies the pass between Pian’ Alto and the 
Cima di Camoghé. This rock, although not so shown in Dr. K. von 
Fritsch’s map, appears to strike round the south-western end of 
this lake, and reappears at the head of the gully at a point where 
the spring issues a little below the Alpe di Lago. 


The Origin of the Piora Lakes. 


So far as I am aware, only one writer on this district has expressed 
any opinion regarding the origin of these lakes, namely Prof. Bonney, 
in his paper in the ‘ Geological Magazine’ for 1898, already quoted.’ 
In discussing the possibility of their formation by ice-erosion, he 
does so, evidently, with a desire to give all due weight to a 
theory which is perhaps that most generally held in regard to the 
formation of lakes of this class ; but he is obviously not quite 
satisfied, himself, with the application of the theory to these par- 
ticular lakes. I will, in the first place, point out the serious 
difficulties in the way of accepting this theory, and afterwards 
suggest what seems to me a more probable mode of origin. 

Let us first take Lago Ritom. In the case of this lake, there 
are only three directions in which ice can reasonably be assumed to 
haye travelled, namely: (1) from the depression between Pian’ 
Alto and Fongio at the western end of the lake; (2) from the 
district on the north, now drained by Lago Tom ; (3) from the Val 
Piora on the east, including possibly a tributary from the cirque 
now occupied by Lago Cadagno (see Pls. VII & XI). 

In the first case, there would be no sufficient gathering-ground 
inside the Ritom drainage-area, and ice advancing from this quarter 

ust have originated outside the district and overtopped the 
western watershed; but we have no evidence of an accumulation 
of ice in the district to this depth, and had the ice in the Val Ticino 
reached to this height, it would have invaded the Ritom basin much 
more readily from the east through the present exit of the lake, which 
is nearly 1000 feet lower. 

The second case postulates a glacier descending from Lago Tom. 
This could not possibly have excavated the upper end of Lago 
Ritom, and consequently this supposition may be at once dismissed. 

There remains only the third alternative, namely that of a glacier 
descending the Val Piora, augmented possibly by ice from the Lago- 
Cadagno basin. ‘There can be no doubt, I think, that this district 
lay above the snow-line during the Pleistocene Period, and that 
snow and ice accumulated here and occupied the Val Piora. My 
difficulty lies in understanding how this ice could acquire any. 
velocity in moving westward along the basin now occupied by Lago 
Ritom, and why it should have turned off at right angles and 


discharged itself to the south-east, unless these lines of drainage 
had been previously determined. 


1 But see also A. Delebecque, Comptes Rendus Acad. Sci. Paris, vol. <i 
(1904) pp. 936 e segg. é ee ae 
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Prof. Bonney remarks (Geol. Mag. 1898, p. 20) :— 


‘Supposing a glacier to be descending the Piora valley, we must assume this 
wall {at the north-eastern end of Lago Ritom] to be already in existence, or it 
could not acquire any plunging foree, and éven then the fall seems hard ly 
adequate to produce the erosion of a basin like that of Lake Ritom. Possibly, 
however, the ice, just at this part, may have been “ jammed” ; for the main glacier 
was probably augmented by another ice-stream, which descended a shallow, but 
fairly well-marked valley, leading from a gneissie peak lying south-east down 
& the cor responding corner at the head of the Ritom basin ; while the narrow 

ate” by which the water is now discharged towards the Val Bedretto would 
beck the mass of ice above it, and this would produce more than usual friction 
on the bed of the valley now occupied by the lake and its delta. This basin 
then, the part which hes below the present contour-line of 6000 feet (in round 
numbers), is the utmost that, in my opinion, can possibly be attributed to the 
erosive action of ice. Of this action all the other dominant features in the 
surrounding scenery exhibit nothing more than superficial traces, and they 
appear to be due to the usual meteoric agencies.’ 

It is this probability of the ice becoming ‘jammed’ at the 
western end of Lago Ritom which would, I think, prevent it 
from excavating to any appreciable extent. In a former paper, read 
before this Society by Prof. Gregory and myself,’ we showed that 
where the lower layers of a glacier are embayed, their advance is 
practically checked, and shearing of the upper layers takes place 
over those below. Under these circumstances the greatest erosion, 
in the case that we are considering, would be on fhe surface of ae 
rock-lip near the present exit of Lago Ritom, and it is precisely 
here where we find the most obvious indication of former glacial 
abrasion. Such erosion would, therefore, tend to destroy a rock- 
basin, not toproduce one, Again, the presence of therocky headlands, 
which have been described as occurring along the south side of the 
lake, jutting out to the north-west, should have protected the 
rauchwacke, originally occupying some of the present low bays, from 
ice coming down from the east; but nota trace of the rauchwacke 
is to be found there. So far, therefore, as Lago Ritom is concerned, 
it does not seem easy to account for the excavation of the basin 
which it occupies on the supposition that it was ice-eroded. 

Tf we turn to the other lakes, Tom and Cadagno, the difficulty is 
increased. It is obvious that these lakes could not have been 
excavated by a glacier descending the Val Piora, and no glaciers 
could have formed on the nearly-vertical cliffs which hem them in 
to the north. If we postulate ice, other than local accumulations 
of snow, we must, as shown above, bring it from outside the basin. 
In this case it must have come over a watershed 8200 feet high, and 
there is no proof of the country having been swathed in ice to this 
enormous depth. But, supposing such ice to have poured down from 
the heights to the west, why, after digging out Lago Tom, did it 
ascend the slope of rauchwacke between Lago Tom and Lago 
Cadagno, only to dig Lago Cadagno again, out of the same material 
and along the strike of the same rocks? 

Or, again, assuming that the ice poured over the watershed, down 
the precipices which en in the lakes on the north, it could only 
have arrived at the bottom in fragments, and could at the most have 


contributed to a remanié glacier. 


1 Quart, Journ. Geol. Soc. vol. liy (1898) pp. 208 e¢ sey. 
02 
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Lastly, if the ice came from the north, how was the Lago Scuro 
excavated, or the Lago Taneda, which is entirely shut in by pre- 
cipices on the north? It is, indeed, extremely difficult to account for 
the excavation of these last-named tarns by ice, evenif we attribute 
to that agent the utmost power that has ever been claimed for it. 

Let us take the Lago Scuro as a crucial case. Here is a rock- 
basin 136 feet deep, situated almost on a main watershed, within 
a few metres of its summit, and surrounded on three sides by steep 
cliffs. There is no gathering-ground above it for a glacier, and 
it is thoroughly protected from any ice invading the region from 
outside: yet we find a rock-basin of this considerable depth. I need 
hardly add that the steep reefs of rock running into the lake are 
quite inconsistent with ice-erosion. The case of Lago Taneda is still 
more difficult. No ice could possibly reach this lake from anywhere 
except a little névé from Taneda, and yet it is a deep rock-basin. 


Geological Structure.—Putting aside, then, the theory of 
ice-erosion, we must seek for some other reason for the existence of 
these lakes, 

Let us first of all consider, in rather more detail than we have yet 
done, the geological structure of the district. 

All the rock-basins of this group, as shown above, are situated 
along the junction of two distinct types of rock. The three lower 
lakes lie along the strike of two nearly-parallel outcrops of rauch- 
wacke and dolomite, and occur at the junction of these rocks with 
gneiss and crystalline schists. 

A glance at Dr. K. von Fritsch’s map shows, not only the lower 
lakes, but aiso the valley of Piora running along the outcrop of the 
rauchwacke and dolomite, while the same rocks occupy the two 
passes leading into the Val Canaria between Fongio, Pian’ Alto, and 
the Cima di Camoghé. We have, therefore, in this district 
differential erosion depending on differences in geo- 
logical structure, being greatest along the rocks rich 
in calcite and dolomite. In addition to this, the 
soundings show that the axes of greatest depth of all 
the lakes lie along the junction of calcareous and 
crystalline rocks. 

The causes which produced the peculiar geological structure of the 
district still remain to be considered. In his well-known paper, 
‘On the Crystalline Schists & their Relation to the Mesozoic Rocks 
in the Lepontine Alps’,’ Prof. Bonney has argued against the 
inclusion of the rauchwacke and dolomite in the same metamorphic 
series as the crystalline schists occurring above and between them. 
He regards them as an entirely-separate group of rocks, introduced 
among the crystalline series by faults or thrusts, and rejects the 
idea suggested in the sections accompanying Dr. K. von Fritsch’s 
map, that their present relation to the schists is the result of simple 
folds, which affected a stratigraphically-continuous series of beds. 

After my first visit to the district, and before I had seen Prof. 
Bonney’s paper, I had arrived at precisely the same conclusion: 
a conclusion which has been fully corroborated by subsequent ex-. 


* Quart, Journ, Geol, Soc. vol. xlvi (1890) p- 187. 
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amination. JI found it no easy task to locate the exact dip and 
horizon of these planes of movement: in fact, the beds have been 
more crushed and rolled out than even Prof. Bonney himself, I think, 
imagined. Not only are there undoubted lines of movement between 
the crystalline rocks and the beds of rauchwacke, but, for some 
distance from the schists, fragments of the latter rock have been 
torn off and incorporated in the calcareous beds. In the lower part 
of the schists again, between the two lakes, eyes of calcite and 
dolomite have been rolled out and included in the crystalline schists ; 
and it is possible to collect from the western end of Lago Ritom a 
series of specimens, ranging from pure rauchwacke to a foliated rock 
consisting of alternate layers of rauchwacke and schist. The whole 
process must have been analogous to what I have seen taking place 
in the case of advancing Arctic glaciers. Here not only are thrust- 
planes formed by the continual retardation of the lower layers of 
the ice, but, owing to the presence of shear-planes, fragments of the 
underlying material are dragged out along them and arranged in a 
roughly-stratified manner throughout the ice; many of these are even 
raised by this process for considerable distances above their source 
of origin. 

We may, I think, then conclude that, so far as the valleys in which 
the lakes lie are concerned, their formation has been deter- 
mined by the presence of thrust-planes, and that, in the case 
of the valleys in which the three larger lakes occur, the effect of these 
thrusts was emphasized by the introduction of wedges of softer rock. 

The overdeepened portions of the valleys in which the lakes oceur 
still, however, remain to be accounted for. They cannot, of course, 
be due to ordinary mechanical erosion by the present stream ; but the 
special character of the rocks seems to suggest that the chemical 
action of water may have manifested itself in an unusual degree, 
owing to the relatively-greater solubility of the calcareous rocks. 
Analy ses of three samples of the rauchwacke have kindly been made 
for me at University College (London) by Miss Edith Goodyear, B.Sc. 
These were collected co the barriers of rauchwacke rising from 
the southern end of Lago Tom and the western end of Lago Ritom 
respectively. I have added for comparison a fourth analysis, made 
by Dr. Grubenmann, of the same dolomite where it crosses the Val 
Canaria.’ 


If 1A Ete IV. 
(BLO he Wercatc eenenecenoor 39°21 39:30 41°88 44-96 
CAO ser re see 45°61 45°41 41:90 40-12 
IMG OF Fetes seat eec ct. scs 4:10 3°83 8:80 11:96 
Si Osanna ase an es — 119 — — 
a One ete feta Bt, 2 1:34 201 1:28 0:42 FeO 
Insoluble residue ...... 8:10 7:87 6 04 i16 96 
iota simeresee 98°36 99°61 99:90 99-42 


No. II is from the broken-down underground channel described above. 
It was especially selected, on account of the “relatively-large amount of green 
mica which it contained ; while No. I is an average sample of the rauchwacke. 
No. III was collected from the cliff of rauchwacke cropping out on the east 
side of Fongio. 


1 See ee Quart. Journ, Geol. Soc. vol. slvi (1890) p. 2 
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The solubility of the rock is shown by its crumbly and cavernous 
character where it is exposed at the surface (see Pl. XII, fig. 1), 
and by the fact, mentioned above, that the surplus-water from 
Lago l'om, instead of finding an exit over the rauchwacke, dissolves 
its way underground and reappears exactly at the junction of the 
rauchwacke with the underlying insoluble schist. 

Experiments prove that the rock is rapidly disintegrated by 


water containing carbon-dioxide in solution. Miss Goodyear 
finds :— 
Per cent. 
Soluble in cold dilute hydrochloric acid ...... 753 
Soluble in hot dilute hydrochloric acid ...... 92 : 
Soluble in H,O + CO, .....c:scssccesenrcesseeeee nes 11 in 45 hours. 


Assuming the difference between the solubility in hot and cold 
acid to be due to dolomite, the composition of the rock would be as 
follows :— 


(Gri O.O)\ ramarnmarccacesonibocncecae 734 
Dolomite s,s encas sommes ee LOR 
INGO). dovtesonagondonbaasannesas 13 
Insoluble residue ............ Sl 


99:0 


Microscopic examination shows how this solubility is assisted 
by the granular structure of the rock, which readily falls to pieces 
so soon as the crystals of calcite are dissolved. 


Being impressed, when sounding these lakes, with the possibility 
of their having originated from solution of the rauchwacke, I 
dredged several samples of the deposits from the floor of Lago 
Tom and Lago Cadagno. These were taken from their southern 
sides, where the deposit overles the outcrop of the rauchwacke. 
They consist, in both cases, of coarse fragments of various minerals 
mixed with a fine white micaceous sand. he coarser fragments 
are composed of quartz, garnet, actinolite, and mica, derived 
from the crystalline schists above, and washed into the lakes by 
streams from the north. The finer material, after sifting through 
a sieve of 80 meshes to the inch, consisted of little rounded grey 
grains, together with a few flakes of mica, etc. On boiling in 
dilute acid, the former dissolve readily, and prove to be dolomite- 
grains, which have fallen on to the floor of the lake after the 
solution of the calcite and the disintegration of the rauchwacke. 
This finer material, therefore, represents the less-easily soluble 
residue of the rauchwacke. The collection of the dolomite-grains 
into one sieve is due to the wonderfully-uniform grain of the ~ 
recrystallized rock. With the view of further testing the solubility 
of this rock, I collected samples of the water from Lago Tom 
and Lago Cadagno.* The samples were collected where the water 


* Taken after a week of very heavy rain. 
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flowed out of the lakes. These are found to contain total 
solids :— 


TRO LNOLN, pennchngconcanacssanc ‘0733 gramme per litre. 
Pago Cadagno! sic.c.as-cs.n ee “AZCO LT, s 


A qualitative analysis showed that the solid salts consisted of 
lime and magnesia, with a little iron and alumina. In the case of 
Lago Cadagno especially, a great deal of sulphuretted hydrogen 
was discharged when the mud was disturbed on the bottom of the 
lake, and the sounding-line and plummet, when drawn to the shore, 
always smelt strongly of this gas. The same phenomenon was 
noticeable in the case of Lago Ritom, but I never noticed the 
presence of sulphuretted hydrogen in the mud from the floor of 
Lago Tom. 

‘There can be little doubt, I think, that the presence of this gas 
in such quantities in the deposits of Lago Ritom and Lago Cadagno, 
and its absence from Lago ''om, must be attributed to the presence 
of tishes in the two former lakes and their absence from the last- 
named. While the two former are stocked with trout, all attempts 
to rear trout in Lago Tom have failed, and this failure is attributed 
by M. Lombardi to the presence of lime in its waters. 

[In this connection the investigation of MM. André Delebecque 
& Ernest Bourcart on the waters of certain Alpine lakes is full of 
interest.’ M. Bourcart finds in the bottom-waters of Lago Ritom 
2°365 grammes of dissolved salts per litre, including the following 
salts :— 


Grammes. 

SiO, = Wile 

CaO = ()737 

MgO — wn OM Roy, 
So, = LIANE 
K,O = 0:0042 
Na,O = 0:0027 
Fe,AlO, = 0-0012 


The surface-water, on the other hand, contains only 0°140 gramme 
per litre of dissolved salts; and the three affluent streams from 
Lago Tom, Lago Cadagno, and the Val Piora contain a mean of 
0-139 gramme per litre (op. cit. p. 937). 

The authors are probably right in concluding that the great 
increase in dissolved salts found in the bottom-waters is due to 
underground springs, which enter the lake through the soluble 
rauchwacke. It might be urged that the salts had accumulated 
at the bottom by degrees, owing to the formation of ice in winter 
and the consequent concentration of the salts in the surface-water, 
which would thus have its specific gravity increased, and, being at 
the same time cooled down, would be compelled to descend. An 
interesting point in this connection is, however, brought out by 
the temperature-determinations made by these authors at different 


1 Comptes Rendus Acad. Sci. Paris, vol, exxxix (1904) pp. 936 ef seqq. 
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depths. They find that anomalies of temperature occur, similar to 
those discovered by M. Venukoff in the Black Sea, With a 
surface-temperature of 132° C. a gradual decrease takes place until 
a depth of 33 feet is reached, where a minimum temperature of 
5:1° is found. Below this, the temperature gradually increases 
until the bottom is reached, where, at a depth of 144 feet, the 
temperature is found to be 66°C. This rise of temperature in 
the bottom-waters of the lake appears to me to point to under- 
eround springs as the cause of concentration of salts in the lower 
layers, rather than to the sinking of concentrated surface-water in 
winter. 

Another interesting point is brought out by the presence of a 
large quantity of sulphuric acid in the deepest layer of Lago Ritom. 
The authors attribute the presence of this acid to the solution of 
gypsum, but there is no bed of gypsum recorded among the rocks 
which crop out round the lake. It will be seen, however, that the 
bed of rauchwacke shown on Dr. K. von Fritsch’s map, as running 
from Pian’ Alto into the Val Canaria, includes large beds of 
gypsum where it thickens out to the west; and that, if Lago Ritom 
occupies the site of a similar ‘eye’ of rauchwacke, it is highly 
probable that this eye includes beds of gypsum as well as rauch- 
wacke, for it lies along the same line of strike. In this connection, 
the total absence of sulphuric acid from the waters of Lago Tom 
is a highly-suggestive fact. 

The analyses, then, of MM. Delebecque & Bourcart seem to 
confirm the idea that Lago Ritom owes its origin, in part at all 
events, to solution. | 


Although the presence of these lakes appears to depend chiefly 
on the structural peculiarities described above, accompanied, in 
some cases at all events, by solution, there is one remarkable 
feature in the drainage of the district on which I have only briefly 
touched: I refer to the way in which Lago Ritom is surrounded 
by hanging valleys. Not only is this the case with all the three 
streams flowing into it, but it is still more marked in the case of the 
La Foos torrent, which flows out of the lake, and carries away the 
whole of the drainage of the Val Piora. This torrent plunges by a 
series of cascades 2700 feet down into the Ticino River, at an average 
slope of 1 in 26. As I have shown elsewhere, this torrent forms 
one of a series which drain from hanging valleys into the Ticino as 
a consequence of the overdeepening of the main valley. While 
other valleys, such as the Val Canaria, have adjusted themselves to 
the Ticino, the Val Piora has been prevented from doing so by the 
presence of the lake, which has arrested erosion by holding up 
the solid particles on its floor. “ez 
s se us trace the history of the Piora drainage a step farther 
ack. 

_ Aglance at a model or map of the district shows that La Foos 
is obviously not the natural outlet of the present Val-Piora drainage : 
it is evidently either a ‘stolen’ outlet, due to some disturbance in 
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the original flow, or the relics of an earlier drainage before the 
present Val Piora came into existence, for it turns off at right 
angles to the general line of the valley. I think, however, that 
it flowed over its present exit previous to the formation of the 
lakes, and that their formation may be connected with the diversion 
of the drainage into the ‘ Foos’ channel. 

As the valley is entirely rock-hound, the diversion cannot be due 
to the blocking of an old outlet at the western end; it must, there- 
fore, be due to the direct encroachment of the Foos on the Piora 
watershed, through which it has cut. This can only have happened 
if the Ticino Valley were more rapidly overdeepened than the 
valley into which the original Piora river drained. Obviously, 
therefore, it did not drain directly into the Ticino; but where else 
could it drain? There are only two answers to this question. 
One is, that it drained over the col between Fongio and Pian’ Alto, 
at the western end of Ritom, into the Val Canaria, as suggested 
by Prof. Bonney ; the other is, that it flowed eastwards, and not 
westwards, over what is now the Passo del Uomo, and that the 
drainage to the west of this pass has therefore been reversed. This 
latter explanation would account, not only for the hanging valley 
of La Foos, but also for those at the eastern end of Lago Ritom 
and below Lago Tom. It is probable, however, that there were 
several stages in this process, which appear to have been as 
follows :—- 


(1) Before the present depression of the Val Piora existed, the general 
drainage of the district would be very different from that of the present day, 
and a stream rising on the Camoghé range may perhaps have flowed eastwards 
into the Medelser Rhein in Pliocene times. About this, however, it is difficult 
to be certain, as no relic of that period remains. 

(2) The overdeepening of the Ticino Valley, which then appears to have 
taken place, may have enabled a stream from the Val Canaria to cut back over 
what is now the Fongio col as far as the head of the present Tom Valley. 
This diversion, although unconnected with the formation of the lakes, appears 
to be indicated by the present depression between Fongio and Pian’ Alto. 

(3) This overdeepening by the Ticino, postulated above, would enable the 
Foos, which then rose on the northern slope of the Val Ticino, to cut back 
its head-waters until it captured the drainage of the present Tom Valley. 

This would naturally result from the circumstance that, whereas the Foos 
drained directly into the overdeepened Ticino Valley, the stream over the 
Fongio col drained indirectly into that valley, through the Val Canaria, which, 
at that time, would not have yet adjusted itself to the Ticino level. Relics of 
the drainage as it existed at that time are clearly visible at the present day, 
not only in the Foos Valley draining northwards and southwards from the 
col between the Punta Nera and the Taneda to the Ticino, but also in the 
low watershed (not yet completely destroyed) running parallel with this valley 
from the Taneda, and now separating Lago Tom from Lago Cadagno. 

(4) This watershed was next gradually cut through by an eastern tributary 
of La Foos at its weakest point, namely, the point occupied by the rauchwacke 
along the line of the present Lago Ritom, and this tributary extended farther 
and farther to the east, to form the present Val Piora. On this supposition, 
namely that the Foos Valley existed before the Val Piora, it is easy to account 
for the fact, otherwise difficult of explanation, that the present drainage from 
the Val Piora turns at right angles where it discharges itself into the Ticino 
Valley. 

(5) An uplift of the range to the west, possibly connected with the melting- 
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off of the ice, caused a diminution in the flow of the drainage in this valley, 
and the solution of the rauchwacke gradually produced a hollow extending as 
far as the limits of this caleareous rock. Thus at the present day, as shown 
above, Lago Ritom is bounded on the north and north-east by steep walls of 
erystalline schist, while its southern margin is formed by the dip-slope of the 
underlying gneiss. The same cause may reasonably be assumed to have 
operated in the case of Lago Tom and also of Lago Cadagno. 


In this survey of the physical history of the district, I have not 
included the formation of the two upper lakes situated near the 
watershed, namely Lago Scuro and Lago Taneda, These lakes 
are, indeed, difficult to account for on any hypothesis. One fact, 
however, appears certain, namely, that to whatever they owe their 
existence, their occurrence along the junction of two dissimilar 
rock-masses must have been the prime determining cause. 


Til. Tap Laco-Lfremoreio Grover. 


This consists really of several groups of tarns scattered along 
both sides of the southern watershed of the Val Levantina. They 
lie for the most part along the outcrop of the calcareous schists, 


in some cases exactly along the junction of these rocks with 
the gneiss. 


Lago Tremorgio.—I will take this as a type of the lakes 
of this group, as it is not only the largest, but, I think, the 
most interesting, and certainly the deepest, of those occupying 
the southern slopes of the Val Levantina. It is also one of the 
lakes enumerated by Prof. Bonney among true rock-basins. 
It lies at a height of 5996 feet above sea-level, and 2880 feet 
above the Ticino. It is nearly circular in shape, having a maximum 
diameter from north-east to south-west of 853 yards, and a width 
at right-angles to this of 787 yards. 

The overflow escapes through a narrow waterworn notch at 
the north-eastern corner, the lower few feet of which appear, as 
Prof. Bonney remarks, to be artificial, and falls into the Ticino 
by a series of cascades; in winter, however, this stream is dry. 
With the exception of this channel, the lake is entirely surrounded 
by steep hillsides (see Pl. XIV, fig. 1). All round the southern 
shore the lake is bounded by precipitous rocks, the upper 500 feet 
forming an inaccessible cliff, the average slope from the water’s 
edge being 55°. The slopes from the northern and western walls 
are gentler, but even these show an inclination of 30° to the 
point on the northern watershed which is marked 2047 m. in the 
Swiss Government map. 

The lake therefore lies in a funnel-shaped rock-basin, the rim of 
which runs about 700 feet above the lake, except where it is broken 
through at the exit: the average slope of the sides of the funnel 
being about 45°. In fact, if we consider a funnel having this slope 
to be tilted towards the north-west, we get an exact representation 
of the shape of the basin. Prof. Bonney aptly compares it to an 
armchair, which it certainly resembles, only the arms curve round 
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in front till they nearly meet, so that it could only be sat in with 
the legs crossed. It is obvious that, in considering the origin of the 
lake, we must take into account the whole of this funnel before it 
was breached at the exit, as it is probable that the water of the 
lake once stood at a much higher level before the notch had been 
eroded and cut down to its present depth. 

The basin does not lie in the path of any valley, for, with the 
exception of a small stream coming down a gully from Pone. 
Tremorgio on the west, the only drainage that it receives pours over 
the southern rim of the funnel from the Campolungo Alp. 

This stream originates in a small lake, apparently a rock-basin, 
lying high up at 7436 feet above the sea, north of the Campolungo 
peak. Local tradition has it that this lake is unfathomable, 
which probably means that it is more than 20 feet deep. The 
stream from this lake appears originally to have flowed over the 
Campolungo Pass westwards into the Val Maggia, and to have 
been afterwards diverted into the Lago-Tremorgio drainage, 
as the valley was carved out of the dolomite in which the 
Campolungo Alp lies. The lake cannot, therefore, by any possi- 
bility be regarded as occupying an overdeepened pre-Glacial valley, 
and it resembles nothing so much as a large swallow-hole. 

The greatest depth of the lake is said to be 120 metres (394 feet) 
near the centre. I give this on the authority of Mr. Fraser, an 
engineer residing at Lugano, who took soundings from a raft. 
Unfortunately, my attempts to sound this lake were frustrated on 
two occasions ; the first time by bad weather and fogs, and the 
second time, after partly completing the soundings, the line was 
so repeatedly cut by sharp submerged reefs that I was obliged to 
abandon the endeavour, the time at my disposal preventing a third 
attempt. The discovery of these reefs, however, is not without 
bearing on the origin of the lake. From the soundings which I 
obtained, the depth appears to increase very regularly from the 
western corner towards the centre ; and if this general slope con- 
tinues, it would give a depth of 250 feet at the centre of the lake. 
This is not the case, however, near the northern shore, which falls 
steeply from the outlet. ‘The lake is excavated in the calcareous 
schists. The reefs running out from the south-western corner 
contain ‘ eyes’ of massive andalusite with a hardness of 73. 

The lime in the calcareous schist is chiefly present in the form 
of eyes of crystalline calcite, which measure frequently several 
inches across, and crumble at the touch; and, where portions of 
the rock were obtained from the edge of the lake, these eyes were 
frequently represented by holes, the calcite having been entirely or 
partly dissolved out. 

The lake cannot be considered as the result of glacial erosion. 
The production of a funnel-shaped hollow 1000 feet deep, with an 
upward slope of 30° on the exit-side, cannot have been produced by 
ice-action; and the origin of the hollow in which the lake lies 
must, L think, be attributed to chemical solution. Two important 
facts seem to bear on this hypothesis; one is the way in which the 
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level of the lake sinks several metres below its outlet in winter, 
and the other is the occurrence of springs (issuing from the precipice 
below the lake) which continue to flow all the year round. This 
latter circumstance has been made use of by the engineers of the 
St. Gotthard Railway, who obtain the water for their locomotives, 
not from the overflow-torrent from the lake, but from these 
permanent springs. ‘The solution of the calcareous portions of the 
schist might cause the funnel-shaped hollow in which the lake 
lies; but it is also possible that the dolomite which occupies the 
Campolungo Alp may have been folded in under the lake, as shown 
in the very suggestive section to the west of the Campolungo Pass 
(see Pl. XIII, fig. 2). If this fold be continued underground, it 
must certainly pass beneath the lake. The fact that the outcrop 
of the dolomite strikes across the schist, and terminates abruptly at 
either end against the gneiss, only to reappear as an isolated outcrop 
in the Val Piumogno on the east, is a very suggestive one, as it 
emphasizes once more the inconstancy of these eyes of dolomite and 
their fortuitous occurrence among the crystalline rocks. 


Of the remaining lakes of this group, those scattered along the 
southern side of the Ticino watershed are the most important. 
They drain either directly into the Val Maggia, or indirectly 
through the Val Bavona. The Lago di Naret has a wedge of 
crystalline limestone running across it, while the Lago Sciundrau 
is situated on the junction of dolomite and gneiss. The Laghetti 
or lakelets to the east of Lago di Naret, again, lie along the 
junction of the calcareous schist and the gneiss; their origin would 
appear, therefore, to be similar to that of the lakes of the Val 
Piora. But, without soundings and detailed investigation, it is 


best to leave their origin an open question for the present, as they 
will well repay further investigation. 


IV. Tux Sr. Gorruarp Laxus. (For topographical 
map, see p. 186.) 


At the northern end of the Canton lie a small group of lakes 
near the summit of the St. Gotthard Pass. Of these, the Lago della 
Sella and the Hospice-tarns drain southwards by the Val Tremola 
to the Ticino, while the Lago di Lucendro, the Lago Orsirora, and 
the Lago Orsino supply the headwaters of the infant Reuss. 

The Hospice-lakes are small rock-pools, which owe their existence 
partly to artificial means, having been in some cases dammed by 
the old monks of the Hospice to serve as fishponds, which still 
yield fine trout. They are also partly due to the highroad em- 
bankment thrown across the swampy summit of the pass. The 
portion of the largest lake north of the road is only about 16 feet 
deep; the southern portion appears to be deeper, but I should 
think cannot exceed 50 feet in depth.’ Of the others, the Lago 
di Lucendro is by far the most important. 


* The deepest sounding met with. 
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Lago di Lucendro (see Pls. XIV, XV, & XXI).—This lake 
lies at a height of 6832 feet above sea-level, in the valley between 
the Piz Lucendro and the valley of the Gotthard Reuss, above 
Hospenthal. In shape, it is roughly a parallelogram, with the 
longer diameter running north-east and south-west. The greatest 
length from east to west is rather more than 765 yards; and the 
greatest width is 306 yards, the average width being about 270 
yards. The water is, to a slight extent, retained by the supports 
of the bridge at the exit. The greatest depth met with was 
126 feet; and the axis of greatest depth, as shown in the bathy- 
metrical chart (Pl. XX1), lies parallel to the length of the lake, and 
rather nearer the western than the eastern bank. The prolongation 
of the contours along this line, into the bay at the western end, is 
an interesting feature of the chart. The valley in which the lake 
occurs is occupied at its upper end by the Lucendro Glacier. 
The drainage of this glacier is carried off by three streams, which 
form the source of the Reuss and constitute the chief feeders 
of the lake. This also receives the overflow from the little lake to 
the north-west, situated at the eastern base of the Piz del Uomo, 
and several streams which drain the cirque-like wall on the south 
and west of the lake. The lake occupies a rock-basin, and lies 
along the junction of the Fibbia gneiss and the biotite-schist, the 
latter occupying the northern bank. A good section of the schist is 
seen along the north side of the lake, about 500 yards from the 
bridge. Here the schist is much crushed and contorted, and 
penetrated by veins of granite. If the veins are offshoots of the 
Fibbia gneiss, the lake must lie absolutely along the junction of 
the two rocks: as in most other cases, however, the actual shore- 
line is modified by scree and delta-material. 


With regard to the origin of this lake, there is no evidence of 
solution having played any part in its formation. On the other 
hand, the promontory of solid rock jutting out into the lake from 
the exit does not seem consistent with excavation by ice, as usually 
understood; and the presence of this lake along the junction of a 
massive granitic gneiss and a mica-schist points undoubtedly to the 
conclusion that here again the main determining factor for the 
existence of the lake has been the occurrence of a line of weakness 
along the contact between a hard and a comparatively-soft rock, 
giving rise to differential weathering. The whole district, however, 
has been intensely glaciated, and a prolongation of the Lucendro 
Glacier must formerly have passed over the site of the lake. It is 
quite possible that this glacier removed the weathered surface of 
the disintegrated schist, while it made but slight impression on the 
harder granite. The uneven surface thus produced would cause 
the accumulation of water, so soon as the glacier withdrew from the 
lower part of the valley. 

The origin of Lago Orsirora and Lago Orsino, on the north of 
Lago di Lucendro, appears to be due to the same cause, as they lie 
along the junction of the gneiss on the south and the granulite on 
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the north, while the smaller tarns are obviously dammed by loose 
material. 


Lago della Sella.—tThis lake forms an irregular sheet of water 
lying in the Val Torta, east of Monte Prosa, at a height of 7320 
feet. It consists of a shallow lake on the north and a smaller 
pond on the south, united by a rocky ditch about 180 yards long,— 
whole giving the idea of a flooded river-system (see Pl. rare 

2). The actual exit 1s dammed by a landslip, although the 
ce sheet is certainly a rock-basin. The northern and western 
shores of the main lake are formed of gneiss, while biotite-schist 
occupies the southern and eastern banks. This schist resembles 
that which forms the northern bank of Lago di Lucendro, and is 
penetrated by similar granite-veins. 

The strike of the schist is north-east and south-west, parallel with 
the longer axis of the lake, the dip being some 60° north-westward. 
The schist forms a rocky ridge running into the southern end of 
the lake. This rises to the surface again in two islands, united 
under water by shallow depressions only 12 feet deep. Five rows 
of soundings were run across yarious portions of the lake, but the 
presence of the islands made a systematic survey difficult in the 
absence of aboat. The greatest depth met with was 25 feet, though 
it is possible that greater depths may exist near the upper end of 
the lake. The origin of the lake, however, seems to be due to 
precisely the same causes as Lago di Lucendro, namely, a line of 
junction between gneiss and biotite-schist along which unequal 
weathering has taken place, the more weathered portions having 
been removed by the ice, which must once have gathered in the 
Val Torta and flowed over the district now occupied by the lake. 
It is noteworthy, in this connection, that the stream now flowing 
into the lake from the Val Torta runs for over a mile exactly along 
the junction of the gneiss and the schist. 


VY. Ten Laco vp’ Exto.’ 


Although situated just beyond the political boundary, this lake 
belongs geographically to the Ticino basin. It lies at a height of 
3025 feet, or 2378 feet above the Lago Maggiore, and is situated on 
the watershed between the Val Molino and the Val Vedasco, It 
occupies an elongated triangular depression in the gneiss between 
Monte Borgna and Monte Cadrigna. The lake has a length of 930 
yards from “north- north-east to south- south-west, and a width at the 
upper end of 300 yards, which forms the base of the triangle: from 
here it gradually tapers to the exit, which lies in the acute angle of 
the triangle at its southern end. The deepest soundings were met 
with about one-third of the distance from the upper end, the 
greatest depth being 134 feet, while depths of 74 and 75 feet were 

‘A bathymetrical chart of this lake has been constructed; but it is 


unnecessary to introduce it here, as the lake has not been proved to be a rock- 
basin. 
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determined near the northernshore. The lake is, therefore, deepest 
towards its upper end, and shallows gradually to the exit. The 
northern shore is chiefly composed of loose material and boggy 
swamp, through which rise here and there hummocks of solid rock. 
The shape of the lake and the subaqueous contours, as well as the 
presence of loose material at the upper end, point to damming of a 
tributary valley by a landslip or moraine, and the reversal of the 
drainage over a gap in the watershed at its upper end. This view 
is borne out by the character of the exit, and also by the presence 
of a deep valley just beyond the accumulation at the northern end 
of the lake, into which it would apparently drain if the loose 
material were removed. There is, however, just a possibility that 
the lake may be to some extent rock-dammed. 


VI, Genera Conciusions. 


The results arrived at by a detailed investigation of the tarns in 
the northerv. portion of the Canton Ticino may, then, be summarized 
as follows. 

The lakes can, for convenience, be grouped under two heads :— 


(1) Those (a) entirely, or (4) partly dammed by loose material. 


(a) Lago Camoghe. (>) Lago di Murinascio, 
»  Lisera. » Lucomagno. 
» LPettano, » Orsirora. 
»  @ Blio. 5, Orsino. 


St. Gotthard tarns. 


(II) True rock-basins due to (c) solution, (¢) differential weathering. 


(c) Lago Ritom. (d) Lago Scuro. 
elom: + Taneda. 
», Cadagno. », «di Lucendro. 


,, Tremorgio, 5, della Sella. 


Those grouped under I (a) require no comment. ‘hose under 
I (0d), in so far as they are rock-basins, may possibly be due to 
differential weathering, either by frost or by ice. It is, however, 
difficult to ascertain what depth, if any, we are to consider as 
rock-basins in each case, but it cannot be a very great depth. 
Lago di Murinascio and Lago Lucomagno lie upon ledges dipping 
steeply into the scarp-face at the foot of precipitous cliffs, above 
which there is no possible gathering-ground for a glacier, unless the 
ice poured over the cliffs in each case from the north; but the cliffs 
are too steep for it to arrive, even then, in anything but a 
fragmentary state. Consequently, even Prof. Bonney’s general 
concession, that the ice, as it descended from the ranges above, 
‘would impinge on the level floor, on which under these circumstances it might 
have some erosive force,’ (Geol. Mag. 1898, p. 19.) 
does not seem applicable here, as the corries would be filled with 
snow and protected from any bombardment of this nature, — It is 
of course, always possible that the slight irregular erosion of a few 
feet might have been produced by the ice collected in the cirque, as 
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assumed by some authors to account for the formation of corrie- 
lakes in general; but it is difficult to realize the mechanics of the 
process, unless the ice found in these corries behaves rather differ- 
ently from that of a glacier, and moves as a solid mass and not 
differentially as in a glacier. The lakes under notice are, however, 
comparatively unimportant; but, if any part of their basin is truly 
rockbound, they are difficult to account for, as they occur entirely 
in one rock-formation. 


Rock-Basins. 


II (c).—The chief lakes of the Val Piora are shown to lie along the 
junction of soluble calcareous rocks with gneiss or schists. Detailed 
soundings prove that the axes of greatest depth of these lakes 
coincide very closely with these lines of junction. Although the 
district must have been below the snow-line in Glacial times, there 
is very little sign of glacial action visible at the present day, and it 
is difficult to understand how ice can have taken any real part in 
the formation of the lakes. 

Chemical evidence derived from analyses of the rauchwacke and 
from the composition of the water of the lakes, points strongly to 
solution having played a conspicuous part in the formation of these 
lakes. This is confirmed by the fact that, in the case of Lago Tom, 
the surplus-water does not overflow the containing barrier of 
rauchwacke at the exit-end, but, percolating into the heart of the 
limestone, reappears as a spring which rises exactly at the junction 
of the rauchwacke with the underlying schist. 

Other evidence, such as the high percentage of dolomite-grains 
in the fine deposit forming the floor of the lake near the exit, 
evidently representing the less soluble portion of the rauchwacke, 
points in the same direction. Inthe case of Lago Ritom, it is shown 
that the whole of the western end of the lake is occupied by rauch- 
wacke, although not so shown on the Swiss Geological Survey-map, 
and that the lake may be considered to occupy the site of a 
lenticular thickening of the calcareous beds similar to those which 
occur west and east of it along the same general strike. The 
marked increase in the amount of dissolved salts in the bottom- 
water of this lake, coupled with an equally-marked rise in tempera- 
ture, are facts which point strongly to underground solution in the 
form of subaqueous springs ; while the high percentage of sulphuric 
acid can only be explained on the supposition that beds of gypsum 
occur under this basin, similar to those found along the outcrop on 
the west and east. 

Lago Tremorgio appears, from its characteristic pothole shape, to 
be also due to solution. Jt is situated on calcareous mica-schist, 
and the eyes of calcite in the schist are dissolved out from the rocks 
bordering the edge of the lake. It is also possible that the fold of 
dolomite, visible in the Campolungo Pass above the lake, may 
continue downwards to the lake-floor ; and, if this should be the case, 
it would amply account for the basin by solution. The fall of the 
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surface of the lake several feet below the exit in winter, and the 
continuous flow of springs which issue all the year round from the 
hillside below the lake, point also to solution as the probable origin 
of this lake. It does not appear to be possible to attribute this 
lake to glacial excavation, as it does not form part of a valley- 
system which could have been overdeepened by ice to produce the 
present basin. 

Tl (d).—There remain four important rock-basins which are 
more difficult to explain. They resemble the foregoing group in the 
fact that they all lie along the junction of two different rock-types, 
so that, whatever the weathering agent may have been which 
finally produced the basin, the occurrence of the lakes in their 
present position seems certainly here again to have been determined 
by structural lines of weakness. Lago di Lucendro lies in the track 
of an extension of the Lucendro Glacier, and Lago della Sella also 
occupies a valley at the head of which a glacier-system still 
exists. It is possible, therefore, that differential weathering in 
pre-Glacial or inter-Glacial times, along the junction between the 
gneiss and the biotite-schist, may have caused an unequal removal 
of material by ice in Glacial times. This excavation does not appear 
to have been so much in the nature of digging, as of the removal of 
less resistant, possibly more weathered, material. This is shown 
by the marked convexity of the outlines of the gneiss even under 
water, by the presence of the rocky headland at the exit of Lago 
di Lucendro, and also by the occurrence of the islands of solid 
rock running through Lago della Sella. The two remaining lakes 
of this group, namely Lago Scuro and Lago Taneda, which occur 
within a stone’s throw of the main watershed and occupy basins 
140 feet deep, are certainly very puzzling: for, although they lie 
along the junction of schist and gneiss, the theory of solution does 
not appear to be applicable here. Had these lakes lain in glaciated 
valleys, they would have undoubtedly been considered by many 
geologists as typical ice-excavated basins. Their occurrence, how- 
ever, a few metres below the watershed, as well as the presence of 
submerged reefs running round the southern end of Lago Scuro 
seems to preclude the possibility of excavation by ice. 


The lakes, then, of the Canton Ticino that have so far been 
examined, with the possible exception of the rock-pools of the 
St. Gotthard Hospice, do not seem to be due to ice-erosion in the 
generally-understood sense, if we adopt the most recent definition 
by Prof. James Geikie for this class of lake, as contained in the 
following statement : ! 


‘Rock-basins of glacial origin differ from all others in the fact that they 


are totally independent of geological structure and the character of the rocks 
themselves.’ 


’ “Structural & Field-Geology ’ 1905, p. 416. 
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EXPLANATION OF PLATES VII-XXI. 


Prats VII (facing p. 168). 
Map of the Piora Lakes, on the scale of 1: 42,240. 


PiAnE Wall 


View of Lago Ritom, looking east from the exit of the lake. It shows the 
contrast between the dip-slope of the gneiss on the southern shore, with its 
bays and headlands, and the escarpment of cale-mica and black-garnet schists 
forming the northern shore, down which cascade the three waterfalls from Lago 
Tom, Lago Cadagno, and the Val Piora respectively, counting from left to right, 
and terminating at the edge of the lake in their respective deltas. Pizzo Taneda 
forms the highest point along the skyline ; while immediately to the left lies the 
col over to Lago Scuro, from which the photograph (reproduced in Pl. X) was 
taken. Below this, again, the notch in the middle distance marks a portion of 
the old Foos valley. On the skyline to the right of Pizzo Taneda is seen the gap 
occupied by Lago Taneda, the overflow from which can be discerned falling 
over the precipice of actinolite-schist into the Lago Cadagno, which lies 
immediately below. The Val Piora is situated on the extreme right of the 
photograph, behind the middle-distance escarpment, while Lago di Murinascio 
occupies the cirque above it. 


Prats IX, 


View of Lago Tom, looking towards the barrier of rauchwacke at the lower 
end, in which the water-channel leading into the rock is seen. The delta 
on the extreme right forms the upper end of the lake. The rauchwacke is 
seen occupying the centre of the picture. The skyline is composed of dip- 
slopes and escarpments, on the right and left respectively of each of the hills. 


PuATE X. 


View taken from the col to the west of Pizzo Taneda (shown in Pl. VIII), 
looking across Lago Tom and the western end of Lago Ritom to the Val 
Levantina. The observer is looking straight down the old valley of La Foos, 
sections of which can still be seen below Lago Tom and at the exit of Lago 
Ritom. The distant range forms the watershed between the Val Levantina and 
the Val Maggia, and, although not visible, Lago Tremorgio lies on the flank of 
this range on the extreme left. The snow-filled lake in the foreground is 
scree-dammed, and lies on a ledge of actinolite-garnet-schist 1000 feet. above 
Lago Tom. 

Prats XI. 


Panoramic view from the watershed between Lago Tom and Lago Cadagno, 
looking east. Lago Cadagno lies in the foreground on the left, and the ga 
immediately above it is occupied by Lago di Murinascio; while the delta at the 
head of Lago Ritom lies below on the right. The stream running into this 
down the wooded slope marks the isolated outcrop of rauchwacke at the eastern 
end of the lake. Up the centre of the picture runs the Val Piora, cut in the 
outcrop of the main mass of rauchwacke. Starting in the Pizzo Columbe (which 
forms the central peak in the skyline), this runs through Lago Cadagno, through 
the point from which the photograph was taken to Lago Tom, and away to the 
Val Canaria. The cattle-sheds in the foreground are built on the screes which 
dam the western end of the lake; while behind them, the moraine is seen forming 
its southern shore. The dip-slopes and scarp-faces formed by the actinolite- 
schists are well seen on the left in the middle distance; while the gorges, 
through which the rivers from Lago Cadagno and the Val Piora fall into the 
Lago-Ritom basin, are conspicuous in the foreground. 


Pratn XII. 
Fig. 1 is a view of the barrier of rauchwacke at the lower end of Lago Tom. 
It shows the spring issuing from the rauchwacke at its junction with the 
PZ 
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underlying schist, which lies just beyond the photograph to the right. The 
cave from which the spring formerly issued is seen in the distance; while the 
honeycombed appearance of the weathered rock is well shown. 

Fig. 2 is a photograph taken from the col looking down on to Lago Scuro. 
It shows the circular shape of the outcrop and the reefs of rock separating the 
lake into two portions, one of which is seen in shadow in the right-hand bottom 
corner, The exit of the lake, where it overflows into the Val Cadlimo, lies on 
the far side of the lake, on the extreme left. 


Prats XIII. 


Fig. 1 is a view of the western end of Lago Ritom ; the exit is masked by one 
of the promontories of gneiss on the left of the picture. The wooded slope 
behind the hotel is the 1930-metre hill. The lower portion, on which the hotel 
stands, is formed of gneiss; but the upper slopes, above and to the right of 
the house, are formed of the dolomite which sweeps round the end of the lake, 
also rising to form the col over the hill to the left and up to a line half way 
between the lake and the highest point—Fongio. 

Fig. 2 shows the fold of dolomite in the Campolungo Pass. The dolomite 
strikes towards the observer on the left, dipping south-eastwards at a high 
angle. The mass of dolomite occupying the centre of the picture has been 
folded and faulted down to the right of the main outcrop, and it is possible 
that it is continued under Lago Tremorgio, which lies immediately below, just 
outside the right-hand corner of the picture. 

The flat little valley is evidently eroded out of the dolomite; the stream 
flowing along it comes from the lake high up on the left, and appears to have 
been a somewhat recent diversion. 


Puatz XIV. 


Fig. 1 is a photograph of the lower end of Lago Tremorgio, showing the 
steep high cliffs surrounding the lake and the notch cut down at the exit. 
These cliffs continue all round the rest of the lake, becoming nearly vertical 
opposite the exit ; and it is over this cliff that the stream, shown in fig. 2. of 
Pl. XIII, falls into the lake. The outcrop of the dolomite lies at the top of this 
cliff, to the right, outside the photograph. 

Fig. 2 shows the Lago di Lucendro, seen from the upper end. On the right is 
the Fibbia gneiss, on the left the biotite-schist, the junction running down the 
centre of the lake. The bare convex surface of the glaciated gneiss at the lower 
end of the lake is well seen. The river in the foreground rises in the Lucendro 
Glacier, and forms the source of the Reuss. 


Puate XV. 


Fig. 1 is another view of the Lago di Lucendro, taken from high up on the 
left bank. It shows the tongue of solid rock running back into the lake from the 
exit, mentioned in the text (pp. 185 & 190), and also the glaciated Fibbia gneiss 
near the exit. The dark rock in the lower part of the foreground is the outerop 
of the contorted biotite-schist penetrated by granite-veins. In the distance is 
seen the St. Gotthard road, and beyond it the Hospice-lakes. 

Fig. 2 is a view of the Lago della Sella seen from near the exit, showing the 
islands and illustrating its river-like character. The immediate foreground and 
the right bank are formed of biotite-schist, penetrated in places below the exit 
by veins of granite, where it borders on the Fibbia gneiss ; while the greater 
part of the left bank is composed of gneiss. (See also map, p. 186.) 


Puats XVI. 


Contoured map of Lago Ritom, on the scale of 20,000:3. For ‘ Airola’ 
read ‘ Airolo.’ 


Prats XVII. ° 
Contoured map of Lago Tom, on the scale of 5000: 1. 
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Fig. 1. 


Tb, (Een TAINED 
SPRING ISSUING FROM THE RAUCHWACKE, BELOW LAGO TOM. 


Fig, 2, 


E.].G., Photo 
LAGO SCURO, LOOKING NORTH FROM THE WATERSHED. 


QuarT. JOURN. GEOL. Soc. VOL. LXII, PL. XIII. 


Feicepotie 


THE WESTERN END OF 


Pie, By 


FOLD IN THE DOLOMITE, SOUTH OF LAGO TREMORG 


™ 
™ 
— 7 
~ 
bo 
~ ry 
Mi 
~ 
or tes. 
4 
“y 
ce 
vel 
MS 
j tn 
ere, 
“ bi 5 
E é 
5 >” i 
oe 
‘ae 
’ 
ee 
i > 
i 
oe 
' 
Sa 
“) 
. ’ 
4 ei 
47 2 
_ 
? , 
oe 
: o 
© 


aa 
ee 
¥ { 
' 
bi 
ie 
mt 
Pa i 
2 
: 
- “5 
£. 
re Sty 
‘ 
q 
i 
Naas ed? 
3 ae Lies 
af agg 


Quart. JourRN. GEOL. Soc. Vot. LXII, PL. XIV. 


Fig, 1. 


E.J.G., Photo. 
THE EXIT OF LAGO TREMORGIO, SEEN FROM THE SOUTH-WEST 


Fig. 2 


E.J.G., Photo, 
LAGO LUCENDRO, SEEN FROM THE SOUTH. 
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Fie. 1: 


E.J.G., Photo. 
VIEW OF LAGO LUCENDRO, SHOWING THE EXIT. 
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E.J.G., Photo. 
LAGO DELLA SELLA, SEEN FROM THE SOUTH-WEST. 
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Puate XVIII. 


Contoured may of Lago Cadagno, on the scale of 5000:1. 


Puate XIX, 
Contoured map of Lago Scuro, on the scale of 5000:1. 


Prater XX. 
Contoured map of Lago Taneda, on the scale of 5000:1. Yor * Lizera’* read 
‘ Lisera,’ : 
Puate XXf. 


Contoured map of Lago di Lucendro, on the scale of 5000: 1. 


Discussion. 


The Prestipenr observed that he would have liked to say much 
which, on account of the lateness of the hour, he must omit. He 
thought that the case of the deep lakelet Scuro and its companion, 
situated close below the watershed, was a hard nut for advocates 
of glacial erosion of such lakes to crack. He could not sit down 
without referring to the amount of labour devoted by the Author, 
not only to the study of the lakes, but also to the preparation of 
his paper for presentation to the Society. 

Prof. Bonnry heartily concurred with the President’s remarks 
on the thoroughness with which the Author had worked out his 
subject and the clearness of his exposition. He should lke to 
state, for the information of the Fellows, that, in those lakes 
which he had described in the ‘ Geological Magazine,’ he had not 
admitted that ice could have done more than form the rock-basin 
now filled with water. He had supposed, for instance, at the Lago 
di Tremorgio, that first a corrie was formed in the usual way by 
streams, and then, when the ice advanced, the descending mass might 
have a scooping effect, at the foot of so deep a slope. In regard 
to Lake Ritom, he felt doubts as to whether the headlands on the 
south side could be due to flexures, for these would correspond with 
the north-north-east to south-south-west folding, which he thought 
was on a large scale and was older than the east-to-west folding ; 
he doubted also whether the nipped-up east-to-west strips of rauch- 
wacke were sufficiently large to cause, when dissolved, so complete a 
removal of the intervening wedges of much less soluble rock. The 
idea of reversal in the Piora-Valley drainage presented difficulties 
to him. If the water escaped eastward (supposing the floor to be 
nearly at its present level), it would have to go over a pass now at 
least 1200 feet above the lake. He thought also that the deepening 
of the main valleys, to which the ‘ hanging valleys’ were due, had 
been pre-Glacial, and that probably this part of the Val Bedretto 
would haye been under ice, even in inter-Glacial times. But, while 
reserving judgment on these points untii he had read the paper, he 
was none the less sensible of its value. 

Dr. Jounston-Lavis asked the Author whether he had seen any 
signs of carbonic-acid springs in the sites of these curious lakes. 
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Tt struck him as curious that the soluble rocks should be dissolved 
only at some spots, and not at others where the active movement 
of streams would make one expect solution to be more rapid. Such 
irregularity pointed to some additional local agency, such as gas- 
laden springs, in determining the site of some of these lakes. Their 
occurrence also at the junction of different rocks would be partly 
explained by the crushing produced in earth-movement by differential 
shearing at such junctions. He quite agreed that glacier-action 
did not explain their origin. He would also remark that the 
minerals of the mica-group were much more soluble in a solution 
of carbon-dioxide than was usually supposed. 

The AvurHor thanked the President and Prof. Bonney for their 
kind remarks. In reply to the latter, he said that he thought the 
division on Dr. K. von Fritsch’s map, between the rauchwacke and the 
calcareous schist at the western end of Lake Ritom, rather an artificial 
one, at all events so far as solubility was concerned; and there may 
have been no really-insoluble ridge, as he had traced massive 
calcareous rocks round that end of the lake as far as the gully 
shown in the photograph, while dolomite came in again still farther 
round at the lake-level. With this exception, he quite agreed with 
Prof. Bonney as to the difficulties in accounting for everything by 
solution. In regard to the excavation of Lago Tremorgio by ice, he 
had set out fully in the paper the difficulties that he found in 
accepting this explanation. He thought that the reversal of the 
Ritom drainage had begun at a much higher level. The lakes, 
however, did not depend on this. 


Vol.62.] THE HIGHEST SILURTAN OF THE LUDLOW DISTRICT. 195 


10. The Hieuusr Siturtan Rocks of the Luptow Disrricr. By 
Miss Gerrrupe L. Extus, D.Sc. (Dublin), and Miss I. L. 
Starer, B.A. (Dublin), Newnham College, Cambridge. (Com- 
municated by Prof. T. McKenny Hueues, M.A., F.R.S., F.GS. 
Read December 20th, 1905.) 
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I. Iyrpopvucrion anp BrprioGRaPHy. 


Tue Ludlow district has been regarded as classic ground since 
the days of Murchison, and, although it has been much neglected 
by the geologists of more recent times, local collectors of fossils 
have placed in the Ludlow Museum a collection which is probably 
unsurpassed for its excellence in illustrating the geology of the 
neighbourhood, 

Many papers were written upon the district by Murchison and 
others of his time; but, with the exception of Miss Wood’s paper 
on the Lower Ludlow Shales,’ there has been no revision of its 
geology since their day: and we are of opinion that the area 
presents many features of interest, both structurally and otherwise, 
which can only be brought out by more recent methods of research. 

The more important papers dealing with the district are the 
following :— 


Mvrcuison, 1834. | The earliest detinite mention of the rocks of the Ludlow 
Proc. Geol. Soc. vol. ii, district appears to be found in a paper published 
p. 12. | by Murchison in 1834. In this he gives the name 
Ludlow to the beds at the top of the ‘Grauwacke 

Series,’ and groups together all the passage-beds into 

' the Old Red Sandstone under the name of ‘ Tilestones,’ 

which he regards as the lowest division of that Series. 


Murcutison, 1839. In the ‘Silurian System’ he gives a few more details 

‘Silurian System ” | vespecting these passage-beds, and_reters the lower 

pp. 196 et seqq. | members of them to the Silurian System, under the 
| 


name of Downton-Castle Building-stone; he 
also notes the more important localities where they 
| may be studied, and records the discovery ot the Bone- 


Murcuison, 1853.  — Bed in the Upper Ludlow Beds by the Rev. T.'T’. Lewis 
Quart. Journ. Geol. Soc. and Dr. Lloyd, the fossil-contents of this bed being 
vol. ix, p. 16. described by him in a subsequent paper. 


1 Quart, Journ. Geol. Soc. vol. Ivi (1900) p. 415. 


196 


Mucrcuison, 1854. 
‘Siluria’ 1st ed. pp. 137 
et seqq. 
Murcuison, 1857. 
Quart. Journ. Geol. Soc. 
vol. xiii, p. 290. 


EGERTON, 1857. 
Quart. Journ. Geol. Soc. 
vol. xiii, p. 282. 
Murcuison, 1859. 
‘Siluria’ 3rd ed. 
chapt. vii. 


Harry, 1861. 
Quart. Journ. Geol. Soc. 
vol. xvil, p. 542. 


CuRLEY, 1863. 
Quart. Journ. Geol. Soc. 
vol. xix, p. 175. 
Ligutpopy, 1863. 
Quart. Journ. Geol. Soc. 
vol. xix, p. 368. 


Bropre, 1869. 
Quart. Journ. Geol. Soc. 
vol. xxv, p. 236. 


LigutTpopy, 1869. 
Geol. Mag. vol. vi, 
p. 353. 


Marston, 1870. 
Geol. Mag. vol. vii, 
p. 408. 


Marston, 1882. 


MISS G. L. ELLES AND MISS I. L. SLATER ON THE 


‘Guide to the Geology 
of Ludlow.’ 


[May 1906, 


| In 1854 his famous ‘Siluria’ was published, and in a 


later paper, dated 1857, in describing the section seen 
in the Ludlow railway-cutting worked by Lightbody, 
he notes the existence of what may be a second Bone- 
Bed, and draws attention to the excellent section 
exposed in the right bank of the Teme. He considers 
that the beds in the railway-cutting are faulted against 
the Old Red Sandstone to the north-west. 


In another paper, published in the same year, Sir Philip 


Grey Egerton dealt with the fish-remains of the 
Ludlow district. 


| In the 3rd edition of ‘Siluvia’ Murchison gives an 


excellent summary of all the work done in the district 
up todate. Helimits the use of the term Tilestones 
to the upper members of the Transition Series, and 
uses Downton-Castle Stone as the equivalent of 
the term Downton Sandstone used by Phillips in 
the Malvern District. He notes Marston’s discovery 
at Norton of the Lower Bone-Bed, surmounted by beds 
with Platyschisma helicites as the characteristic fossil, 
and a similar succession made out by Lightbody north 
of Whitcliffe Coppice. Nevertheless, he does not wish 
to separate the lower bed from the bed with Platy- 
schisma helicites. Also, while acknowledging the 
apparently higher position in the series of the Bone- 
Bed found in the railway-cutting, Murchison does not 
seem to be convinced that it is not the same as the 
lower one. 


In a paper published in 1861, J. Harley gives further 
evidence of the existence of at least two Bone-Beds, 
one immediately below and the other just above the 
Downton Sandstone; he also describes the remains 
found in them. 


T. Curley, writing in 18638, deals chiefly with the super- 
ficial accumulations round Ludlow, and illustrates his 
paper by asmall map anda section. Robert Lightbody, 
writing in the same year, describes a section in the 
Aymestry Limestone at Mocktree; he also suggests 
the existence of two faults in the Whitcliffe at Ludlow, 
throwing up the lower beds. 

The Rey. P. B. Brodie describes the Ludlow-Lane section 
as follows :—(1) Downton Sandstone; (2) Platy- 
schisma-helicites Shale; (8) Bone-Bed; (4) Strata 
with fragments of Pterygotus, etc. ; (56) Upper Ludlow. 
He seems to be the first to recognize the Platyschisma- 
helicites Bed at Ludlow, and he regards it as distinct 
from the lower Bone-Bed. 


Lightbody, writing in the Geological Magazine of the 
same year, suggests the existence of a fault running 
from the Titterstone to Downton-Castle Bridge, and 


also infers that the gorge of the Teme at Ludlow is 
tectonic in origin. 


| A valuable paper on the beds with which we are dealing 


was published in 1870 by Alfred Marston, a local 
Ludlow geologist. In this work the author, although 
obviously well acquainted with the details of many 
of the sections in the neighbourhood, contents him- 
self with connecting them together in a generalized 


aia whereby much of the value of his work is 
ost. 


In 1882 the same author published a useful local ‘Guide 
to the Geology of the Ludlow District, in which the 
chief localities for fossils are described. 
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Il. Crassrricarion. 


In the Ludlow-Downton district there exists an interesting series 
of rocks, limited by the Aymestry Limestone at their base and the 
Old Red Sandstone at their summit, and it is with these that 
the present paper deals. Lithologically, they present a varied 
series of sediments, ranging from limestones on the one hand, 
through calcareous flagstones and shales, to shallow-water sand- 
stones on the other; and these lithological changes are associated 
with certain changes in the fauna. 

Paleeontologically, these rocks are characterized by the presence 
of Eurypteride, which, although rare in the lower beds, gradually 
increase in importance until they attain their maximum development 
in the beds immediately underlying the Old Red Sandstone. The 
rich brachiopod-fauna characteristic of the lower beds dwindles and 
almost dies out with the approach of shallow-water conditions, 
although the molluscs are somewhat more persistent. 

The recurrence throughout of conditions tending to the formation 
of ‘Bone-Beds’ is also worthy of note, such conditions having 
prevailed at four distinct times at least during the deposition of the 
rocks with which we are concerned. 

As the result of detailed stratigraphical and paleontological work, 
we believe that we are able to show that these highest Silurian rocks 
are capable of a certain degree of subdivision, both on lithological 
as well as on paleontological grounds. Future work will decide 
whether or not these divisions have a more than local value. 

The subdivisions that we would suggest are tabulated on p. 198. 

The Aymestry Group takes its name from the well-known 
locality of Aymestry, 8 miles south-west of Ludlow; its lower 
member, the massive Conchidium-Limestone is, as a rule, full 
of Conchidium (Pentamerus) Knightii, and is thus easily recognized. 
At Aymestry this limestone is only 75 feet thick; it thickens, 
however, in a northerly direction, being about 100 feet thick near 
Ludlow, and as much as 250 feet at Mocktree. The Mocktree 
or Dayia-Shales, which overlie it everywhere, vary according 
to the thickness of the limestone-bands that they contain; these 
thicken also to the north, and thus, while only 40 feet thick near 
Ludlow, have a thickness of 150 feet on Mocktree Hill, whence 
they derive their name. They are invariably crowded with Dayia 
navicula. These Mocktree Shales seem, as a rule, to have been 
regarded as forming part of the Upper Ludlow Group, but we are 
convinced that the brachiopod-fauna is more closely allied to that of 
the Aymestry Limestone than to that of the higher calcareous beds ; 
and, in addition, Monograptys leintwurdinensis, which certainly 
occurs in the Aymestry Limestone, is also found in the highest beds 
of the Mocktree Shales. Therefore we place the Mocktree Shales 
in the Aymestry Group. 

The Upper Ludlow Group is also capable of a twofold 
subdivision into the Lower and Upper Whitcliffe Flags, 
These derive their name from the lofty cliff which forms the right 
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bank of the Teme at Ludlow, and in which the entire thickness of the 
divisions is exposed. The general facies of the fauna is very similar 
throughout, and there is no very marked difference in lithological 
character; but, while Rhynchonella nucula preponderates in the 
lower beds, Chonetes striatella is the predominant form of the upper 
member of the group: hence they may be called the Rhyncho- 
nella-Flags and the Chonetes-Flags. So far as we have been 
able to determine, they do not vary much in thickness throughout 
the district. 

The Temeside Group, as its name denotes, is well exposed 
along the banks of the Teme, both at Ludlow and in the neighbour- 
hood of Downton Castle; it comprises beds which are virtually 
passage-beds into the Old Red Sandstone, and may be subdivided 
into the Downton-Castle or Yellow Sandstones below, and the 
Temeside Shales above. The term Downton-Castle Sandstone 
is used practically in the same sense as Murchison’s ‘ Downton-Castle 
Building-Stone’*; while the Temeside Shales include the shales, 
marls, and grit-bands with Hurypterus and Lingula cornea, which 
lie between the Yellow Sandstones and the Old Red Sandstone. 

The whole fauna of the Downton-Castle Sandstone, meagre 
though it be, is more intimately related to that of the Temeside 
Shales than to that of the beds lying below the Ludlow Bone-Bed. 
It seems, therefore, advisable to place the beds of this subdivision in 
the Temeside Group, rather than in the Upper Ludlow Group, with 
which it has hitherto been classed. The sandstone varies in thick- 
ness from 30 to 50 feet from place to place, being thickest near 
Onibury, but everywhere much thinner than we had been led to 
believe from various papers. 

The Temeside Shales, so far as we haye seen, exhibit but 
slight variation as regards their thickness, such variation as there 
is being readily accounted for by the thickening or thinning-out of 
various grit-bands which occur at different horizons in them. 


Minimum. Maximum. 

Feet. Feet 
WOW eieean Hurypterus-Shales  ...........cs0000 120 

SO wet hee cece Downton-Castle Sandstones ...... 50 

ISON eeaboncon Chonetes- Wags) css cncnceccseee seas ens 160 

ULOW ees ceene Phynchonella-Blags ........s0eceseees 120 

Ais sca IVA STEVES sages aopacacnoouonecane 150 
[Dame Conchidium-Limestone  .......+.++ 250 

515 850 


These six major divisions, which constitute six well-defined zones, 
have been mapped by us throughout the Ludlow district, over an 
area extending from Ludlow as far south as Overton and Mary- 
Knowl Dingle, eastward to Caynham Camp, and westward to 
Downton-on-the-Rock, while our northern boundary runs east and 
west through Bromfield. 

A small map has also been made of the same beds in the neigh- 
bourhood of Onibury and Norton, 6 miles north-west of Ludlow 
(see fig. 8, p. 215). 

1 «Silurian System’ 1839, p. 198. 


200 MISS G. L. BLLES AND MISS I.L. STATER ON THE = [May 1906, 


Ill. Trcronics. 


The main structural features of the district appear to be due to 
the superposition of two sets of earth-movements—rocks upon which 
a Caledonian trend had been impressed, being affected at a later 
time by pressure from the south, the previously-folded beds being 
held by some rigid mass on the north, presumably that of the 
Longmynd massif. Hence, the main folds of the neighbourhood of 
Ludlow, while chiefly due to this (Armorican) movement from the 
south, run east-north-east and west-south-west, the dips on their 
northern limbs being everywhere steeper than those on their 
southern sides. 

Along Wenlock Edge the rocks retain their Caledonian trend, 
and consequently the beds between Wenlock Edge and Ludlow 
have been dragged round to accommodate themselves as best they 
may to the later influence. ‘ 

The faulting is intimately connected with the folding ; the main 
dislocations are of the nature of septal faults, associated with the 
folds the axes of which run in an east-north-easterly direction. 
With these are connected a system of relief-faults running in a 
direction at right-angles to them. 

The unyielding nature of the Aymestry Limestone in the west 
has given rise to a series of dip-faults of accommodation ; while in 
a few places. as for example at Onibury, stresses seem to have 
found relief along older Caledonian lines. 

The main anticline, with an axis running east-north-east and west- 
south-west through Ludlow town, pitches away to east-north-east ; 
it is cut by an oblique fault all along its northern side, throwing 
down the beds to the north; with the result that all the different 
beds of the highest Silurian rocks are brought in turn against the 
Old Red Sandstone, though the abutting of the Mocktree Shales 
and Lower Whitcliffe Flags, north-east of Whitcliffe Cottages, is 
largely helped by the steepness of the ground relatively to the dip at 
that point. 

For the greater part of its course the fault has a downthrow to 
the north; but, near Downton Castle, where the beds begin to sweep 
round, the throw gradually changes over to the south side, and appears 
to die out altogether a little farther west. A well-marked relief- 
fault, nearly half a mile in length, crosses the river at Downton- 
Castle Bridve, running a little west of north; while another sub- 
sidiary reliet-fault, running north 30° east, occurs close to Downton- 
on-the-Rock. A subsidiary earth-wave finds expression in the 
Downton-Castle inher, the intervening trough being occupied by 
the Old Red Sandstone; while, a little farther north again, a third 
wave is faintly indicated by the east-north-easterly extension of the 
main north-to-south line of outcrop. 

Lightbody thought that the gorge of the Teme at Ludlow was 
due to faulting, since the lowest beds seen in the western cliff are not 
visible in the eastern. He also considered that the structure of the 
western ciiff demanded the existence of two faults. The lower beds 
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are certainly present in the position noticed by him; but we are 
of opinion that their presence may be explained by the folding 
rather than by faulting, and the apparent discordance between the 
eastern and the western cliff is due to the rapid pitching-away of 
this fold in an east-north-easterly direction. 

The Caynham inlier appears to be part. of an anticline faulted on 
every side. ‘The septal fault on its northern limit is part of a long 
line of dislocation, extending right across the country from east- 
north-east to west-south-west, which, like the septal fault to the 
north, also changes its throw from north to south along its length ; 
a relief-fault truncates the eastern extremity of the inher, and it 
appears to be faulted all along its southern side also. 

Another fault which ends against the main Caynham dislocation- 
line runs up Mary-Knowl Dingle, and forms the southern limit of 
our map; it appears to approximate more closely to a north-west and 
south-east direction than any of the relief-faults of the Armorican 
System, and may be an old Caledonian relief-fault affected by the 
later movement. 

IV. Scenzry. 


The most noticeable feature in the scenery of the district is the 
marked difference in the character of the country occupied by the 
Old Red Sandstone and the Silurian rocks respectively. The Old 
Red Sandstone constitutes, as it were, a plain of arable and pasture- 
land where the only undulations consist of small isolated hills, due 
to the presence of cornstones. From this Old-Red-Sandstone plain 
the Silurian rocks rise everywhere to form wooded. slopes of con- 
siderable elevation ; when the succession is complete, the slope down 
to the Old Red Sandstone is fairly uniform, but when broken by 
faults the fall of the ground is usually very abrupt. 

From such a structure it follows that there is a tendency on the 
part of the rivers to cut gorges in the Silurian rocks, while they 
meander over the conntry occupied by the Old Red Sandstone ; and 
in only one case have we found that the direction of the drainage is 
in any way connected with the faulting: this being the course of the 
River Onny above Onibury. 


V. Derattep Description oF tHE Bens. 

In describing the geology of the district we have only dealt in 
detail with those sections which, being more or less continuous, give 
a real clue to the succession; these may be grouped geographically, 
as follows :— 

i. Sections near Ludlow. iv. Downton-Castle inlier. 


(a) River Teme. | v. Mocktree. 
(b) Wigmore Road. 
(c) Deerhouse Bank. 

ii, Caynham inlier. 

iii. Sections near Downton Castle. 
(a) River Teme. 
(6) North-east of the Castle. 


vi. Sections near Onibury. 
(a) Craven-Arms Road. 
(2) Onibury-Norton Lane. 
(c) Norton. 
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(i) Sections near Ludlow. 


Many of the sections in the immediate neighbourhood of the town 
of Ludlow, referred to by earlier authors, are now completely over- 
grown or built over, and among these is the famous section in the 
railway-cutting. Of those that remain, the most complete is that 
exposed on the right bank of the Teme, from Dinham Bridge to the 
Sewage-works; this includes the classic section of Ludford Lane and 
the section in our Temeside Shales referred to by Murchison,’ 


(a) Teme Section. 


On the right bank of the River Teme the following beds are seen 
in ascending order :— 


Aymestry Group.—tThe highest beds of the massive Aymestry 
Limestone (A) are just seen a little south of Dinham Bridge; they 
contain Conchidiwm Kightu, Atrypa reticularis, Strophomena 
euglypha, Str. rhomboidalis, and Encrinurus punctatus as character- 
istic fossils. The Mocktree Shales (B), here about 40 feet thick, 
may be examined in a small quarry close to the bridge, where they 
have a general northerly dip at a low angle; and also at the bottom 
of the track which descends to the river from the Ludlow Arms Hotel, 
where they dip south-eastward, and the predominant fossil is Dayia 
navicula : Orthis lunata, O. canaliculata, and Atrypa reticularis being 
also abundant. The whole group is characterized by honeycomb- 
weathering, due to the concretionary nature of the beds. 


Upper Ludlow Group.—The Mocktree Shales are at once 
succeeded by the lowest members of the Whitcliffe Flags (C). These 
consist of massive blue calcareous flagstones ; they form the base of 
the Whitcliffe for the greater part of its extent, and are also seen 
in the lower part of the quarry north of Clive Cottages. They are 
about 120 feet thick, and are characterizedespecially by the abundance 
of Rhynchonella nucula; Orthis lunata and Serpulites longissimus 
are also highly typical, but Chonetes striatella (though present) is 
rare. ‘These beds contain at their summit a well-marked band of 
concretions, some of which measure 4 x 24 feet; and as this band 
appears to occur everywhere at the horizon where the 2hynchonelle 
give place to the Chonetes as predominant forms, we have utilized it 
for purposes of mapping, and take it as marking the highest limit 
of the Rhynchonella-Flags. The greenish calcareous flags (D), which 
overlie them, are about 160 feet thick: they are somewhat massive 
at their base, but become more thinly-bedded in their upper 
portions. The lower beds of these flags are well seen in the great 
quarry in the face of the Whitcliffe, and also in the face of the 
cliff between it and Ludford Bridge; but, although the higher beds 
too are exposed in both places, they are somewhat inaccessible, 
and may be more easily studied in what was formerly known as 
‘ Ludford Lane,’ now termed the Whitcliffe Road. 


’ Quart. Journ. Geol. Soc. vol. xiii (1857) p. 290. 
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The characteristic fossil of these Upper Whitcliffe Flags is pre- 
eminently Chonetes striatella, which literally swarms in them. 
Orbiculoidea rugata and Orthoceras bullatum are also abundant ; but 
Rhynchonella nucula and Orthis lunata, so common in the Lower 
Whitcliffe Flags, are rare. 

The ‘ Ludford-Lane’ section, which is about 72 yards in length, 
shows the passage between the Upper. Whitcliffe Flags and the 
Downton-Castle Sandstones. These beds are exposed in a high bank, 
which has a maximum elevation of 12 feet. The general succession 
is clearest on the northern side, where the beds can be seen dipping 
south-eastward at 10° (cf. vertical section, fig. 1 below). 

The lowest beds seen are the Spirifera-elevata shales (D}); only 
4 feet are, however, exposed, consisting of calcareous shales with 
sandy beds, which contain Sp. elevata mut., Pterinea retroflewa, and 

Pterygotus proble- 
Fig. 1.—Vertical section of the succession at maticus. They are 
Ludford Lane ( Whitcliffe Road), on the scale immediately  suc- 


of 6 feet to the inch. ceeded by the fa- 
mous Ludlow Bone- 
( Massive yellow micaceous sandstones Bed (D ¢), which is 
with Eurypterid-remains, Pachytheeu, a [- 
and Lingula minima. too NM ell-known to 
2 Bo —Beyrichia-Band. require description. 
cols aoe 
ag | ~Beyrichia- Band. It is best developed 
ee —Beyrichia-Band, at the lower end 
ee | Ed peeilsccons. Bed ea ai of the section, on 
a eyrichia-Band. { helicites & Aodiol- : > 
a opsis complanata, the south side of 
Ea .| Mottled sandstones the road, where it 
pe venalens is 22 feet above 
\ Aa 
ey aff ab ye Ludlow Bone-Bed. road level, and 
a Sandstone. reaches a maxi- 
= - Shate with Spirifera elevata mut. and Mum thickness of 
5 ey [Pterineu retroflera. nearly 6 inches 
ar S. 
= 4 Shales and sandstones with sees i 
= | Be Spirifera elevata, Chonetes It 18, however, very 
S striatella, Orbiculoidea rugata, commonly separa- 
\ and Eurypteride. 


ted into two thin 
bands of ‘bony’ 
material, divided by a few ‘inches of soft mudstone. These bands 
occur in a more or less lenticular manner, and one or the other 
disappears almost entirely from time to time, even within the short 
distance occupied by the section. This feature is characteristic of 
all the bone-beds of these highest Silurian rocks. In addition to the 
numerous fish-remains and crustacean remains which the Bone- 
Bed contains, we have identified Chonetes striatella, Orbiculoidea 
rugata, and Orthis sp.; @ similar fauna, with Beyrichia in addition, 
being found in the softer mudstone separating the ‘ bony layers.’ 


Temeside Group.—The succeeding sandstones (Ea) differ some- 
what in lithology from the beds described above; they are mottled, 
yellow, slightly-micaceous sandstones, with few traces of life. They 
seem to usher in new conditions; for, above the Ludlow Bone-Bed, 
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the articulate brachiopoda, so characteristic of the lower beds, have 
almost disappeared, Lingule and the molluscan fauna alone remain- 
ing; and we therefore consider that the dividing-line between the 
Upper Ludlow and Temeside Groups is best drawn at this horizon. 

The Platyschisma-Bed (E 6) is practically composed of Platyschisma 
helicites and Modiolopsis complanata. Beyrichia is also abundant 
at its upper and lower limits. This bed gives place upward to the 

typical massive, yellow, mica- 
Fig. 2.—Vertical section of the ceous sandstones with Lingula 
succession near the footbridge, minima, which form the bulk 

Sewage-works, Ludlow, on the of the Downton-Castle Sand- 

scale of 6 feet to the inch. stones. — 

, Massive purple-red sand- The higher members) Olauag 
stones and marls of the Downton-Castle Sandstones are 
‘poli Hed Sandstones, “not swell seen in this ‘Teme 
ed __., Section, for, with the exception 
cy eaceous grit. with of the lower beds just described, 
which are exposed at the lower 
Olive shales, with Eury- end of Ludford Lane and in the 
pteride and Lingula ak he 3 
corned. adjoining Leominster Road, the 
Temeside Bone-Bed. ground occupied by them is 
largely built over. They appear 
to have been worked in an old 
quarry, in the copse east of 
Ludford Church, but this is 
now quite overgrown. 

The lowest members of the 
Temeside Shales (F) visible are 
seen in two exposures in the 
river-bank opposite the Gas- 
and marls, with Lingua works; and, from analogy with 
en other sections, we are of opinion 

that these are the beds which 
immediately succeed the highest 
beds of the Downton-Castle 
Sandstones. They consist of 
rubbly shales (seen at water- 
level) overlain by massive 
greenish micaceous sandstones 
with Lingula cornea, and with 


rubbly marls above again (F a). 
For some 250 yards below this the section is interrupted, and no 


exposures are visible. The section is, however, continued west of 
the Sewage-works footbridge, where the higher members of the 
group are extremely-well shown (cf. vertical section, fig. 2), 

The rubbly grey and red beds (F a), the lowest beds observed at 
this point, appear to correspond very closely in general characters 
with those seen opposite the Gasworks; 12 feet of these are seen in 
this lower exposure: they are probably, therefore, of considerable 
thickness, although there is no direct evidence on this point. The 


Grey micaceous grit. 
Impersistent Bone-Bed. 


Fa 


Variegated rubbly shales 
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overlying grit-bed (F 6), which is conspicuously ‘ bony ’ at its lower 
and upper limits, is here seen at its maximum development (2 feet), 
but, like the other Bone-Beds of this Series, it thins away rapidly to 
west and east. Traced westward it almost disappears in the space 
of a few yards, while traced eastward it diminishes more gradually 
in thickness, its place being taken by olive shales; so that, close 
to the footbridge, the grit is only 7 inches thick, the lower of the 
two ‘bony’ layers has disappeared, and the upper is present as a 
thin band in the olive shales (Fc & Fe). This Bone-Bed (Fd), 
which we designate the Temeside Bone-Bed so as to distinguish 
it from others at different horizons, is a characteristic feature of the 
Temeside Shales at this locality, and may be regarded as a grey 
micaceous grit, in which large fragments of bone and fish-spines are 
disseminated. There is, in addition, a considerable amount of car- 
bonaceous matter, but whether of vegetable or animal origin is not 
clear. As a whole, this Temeside Bone-Bed is coarser and more 
diffuse than the Ludlow Bone-Bed, and very different from the latter 
in general appearance. 

The succeeding olive shales (F ¢) are 2 to 4 feet thick. Eurypterid- 
remains are abundant, but the majority are too imperfect for determi- 
nation ; these are sueceeded by another grey micaceous grit (1 foot), 
Ff, at the top of which occurs a well-marked layer crowded with 
carbonaceous fragments, but in which bones are rare. Purple-red 
sandstones with shaly partings come on immediately above this 
‘Fragment-Bed’: these differ in general lithology from anything that 
we have seen at a lower horizon; and since the ‘ Fragment-Bed’ at 
their base appears fairly constant over wide areas and is easily 
recognizable, we suggest its adoption as the upper limit 
of the Silurian System in this district. 


On the left bank of the Teme at Ludlow the only rocks now 
visible are the beds of the Upper Whitcliffe Flags (D), which are 
well exposed below the Castle. There is, however, a record that 
the Temeside Shales were exposed in Old Street, when drainage 


operations were in progress. 


(6) Wigmore Road. 


The Aymestry and Upper Ludlow Groups are again well exposed 
in Whitcliffe Wood, in a series of small quarries on the east side of 
the main Wigmore Road. The beds dip northward at angles varying 
from 10° to 20°. Starting from Mary-Knowl Farm, where the highest 
members of the Lower Ludlow rocks are seen, the Aymestry Lime- 
stones (A) are exposed discontinuously along the road for about 
600 yards. The beds show their characteristic honeycomb weather- 
ing, and yield their distinctive fauna. The outcrop of the succeeding 
Mocktree Shales (B) extends over a distance of about 220 yards, 
where they give place to the Lower Whitcliffe Flags (C). These are 
seen at intervals down the hill for the next 700 yards, their junction 
with the Upper Whitcliffe Flags (D) being marked, as usual, by the 
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Concretion Band (Cb). The remaining exposures to the edge of the 
wood are all in the Upper Whitcliffe Flags (D). Throughout this 
section the faunas of the beds are quite similar to those furnished 
by the rocks of the type-section. 


(c) Stream near Deerhouse Bank. 


The best series of exposures on the south-eastern side of the main 
anticline are seen in the neighbourhood of Deerhouse Bank. The 
Lower Whitcliffe Flags (C) are exposed along the course of a small 
stream running east through Ludford Park, the Concretion- 
Band (C6) at its upper limit being seen in an old quarry at the 
southern end of Deerhouse Bank itself. The Upper Whitcliffe 
Flags (D) come on immediately above it, and are seen again at 
the eastern end of the Lower Plantation, succeeded by the lower 
members of the Downton-Castle Sandstones (EH). These are ex- 
posed in the northern bank of the old roadway, where a small fault 
running east-north-east brings on Upper Whitcliffe Fiags again to 
the south. ‘The Downton-Castle Sandstones are, however, better 
exposed in an old quarry south-east of Huck’s Barn, where they 
dip due eastward at 10°. 


(i) The Caynham Inlier. 


In the Caynham inlier, 2 miles east of Ludlow, only the 
Aymestry and Upper Ludlow Groups are represented, the higher 
beds being faulted out in every direction. The Mocktree Shales (B), 
which are the lowest beds visible at this locality, are best seen 
immediately north of Caynham Camp, and in the old quarries south- 
west of Poughnhill Cottages. North of Caynham Camp the beds are * 
excavated in the centre of the dome, which is abruptly truncated on 
the north, the strata being much disturbed close to the fault and dip- 
ping at 50°. The 2hynchonella-Beds (Ca) of the Lower Whitcliffe 
Flags occupy the greater part of the remainder of this inlier, being 
seen all along the southern face of the hill from the eastern boundary- 
fault to Saltmore, a distance of about 23 miles. They are exposed 
in a series of small quarries, where the dip when close to the 
southern fault may be 30° south-eastward. The Upper Whitcliffe 
Flags (D) are seen only at the Saltmore end of the inlier, and are 
best exposed in an old quarry east of the railway. 


(iii) Sections near Downton Castle. 


(a) Teme Section, between Bow Bridge and 
Downton-Castle Bridge. 


One of the finest sections in the district is exposed in the neigh- 
bourhood of Downton Castle, along the banks of the Teme between 
Bow Bridge and Downton-Castle Bridge, there being an almost 
continuous exposure of rock between these two localities. 

On the northern bank, due south-west of Bow Bridge, the 


Aymestry Limestones (A) are extensively quarried along a grand 
a2 
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cliff-face ; they dip 20° northward, and, as usual, Oonchidium ( Penta- 
merus) Knightw is the characteristic fossil, associated with Stropho- 
mena euglypha, Wilsonia Wilsoni, Atrypa reticularis, and other forms. 
These beds are also seen on the southern’ bank south-east of the 
bridge. In the immediate neighbourhood of the bridge they are 
succeeded by the Mocktree Shales (B), crowded with Dayia navicula. 
These are seen to bend round quickly at the edge of the syncline, and 
dip eastward (downstream) at a low angle. These Mocktree Shales 
extend as far as the Hay Mill on the southern bank, but for a 
slightly-shorter distance on the north side, where a steeply-rising 
cliff brings on the massive Rhynchonella-Beds (C), down to water- 
level. Beyond the Hay Mill, these Rhynchonella-Beds form cliffs 
on both sides of the river for half a mile, where they are succeeded 
by the Chonetes-Beds (D). At the Weirs a fault runs obliquely 
across the stream, causing a repetition of the Rhynchonella-Beds 
on the north side; they extend thence to Downton-Castle Bridge 
at the base of the high cliff, the upper portion of which is formed 
of the Chonetes-Beds. 


Fig. 4.—Diagrammatic section across the Teme at 
Downton-Castle Bridge. 
Ss. ® 


Downton-Castle Bridge 


N. 


ase ee 


C a=Calcareous blue flags, with Rhyn- 
chonella nucula. 

C b=Concretion-Band. 

Da=Caleareous olive-green flags, with 
Chonetes striatella, 

D b=Calcareous shales and flags’ with 
Spirifera elevata mut. 

Dc=Ludlow Bone-Bed. 


Ea=Unfossiliferous sandy shales, 


Eb=Platyschisma-helicites Bed. 

Ec= Massive yellow sandstones, with 
Lingula minima, 

EHd=Carbonaceous sandstones. 

Ee=Thinly-bedded micaceous sand- 
stones. 

FKa=Variegated rubbly shales and 
marls, with greenish sandstones 
at the base. 


On the south side of the river the Chonetes-Beds form the base 
of the cliff, which is capped by the Downton-Castle Sandstones (E), 
and close to Downton-Castle Bridge the Spzrtfera-elevata Beds (Db) 
succeed the Lower Chonetes-Beds (D a), and are surmounted at road- 
level by the Ludlow Bone-Bed (Dc). The Spirifera-elevata Beds 
are about 12 feet thick at this locality, and contain a band swarming 
with Crama implicata. 
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Two feet above road-level the Platyschisma-Bed (Eb), which is 
here ‘ bony,’ may be noted (= Downton Bone-Bed): and atthe com- 
mencement of the river-path, on the eastern side of the road, the basal 
members of the Temeside Shales (F) may be observed: they are 
obviously disturbed by the proximity of the fault, and plunge down 
steeply towards it. 

The basal Temeside Shales (F a), consisting of rubbly shales asso- 
ciated with greenish micaceous grits and containing Lingula cornea, 
are also well-exposed along the road running southward from the 
bridge, and again on the top of the hill to the west of it, along the 
track leading to Burrington Hays. Farther south-west along this 
same track, the Downton Bone-Bed and the Ludlow Bone-Bed too 
are seen once more. 


(6) North-east of Downton Castle. 


Another confirmatory section is also to be found along a road 
which leaves the main road to run north-west and south-east, along 
a gully between Downton-Castle garden and the Brakes Wood. =~ 

In the main road close to the Downton-Castle lodge the Chonetes- 
Beds (D) are well seen, dipping at 5° S. 10° E.; while close below 
the main road, where the side-road makes a big bend, the Spirifera- 
elevata Beds (Db) are exposed. A few yards farther east the Downton- 
Castle Sandstones (E) come on, and have been extensively quarried 
on both sides of the gully. The most interesting exposure is that seen 
on the south side, where an excellent junction between the Downton- 
Castle Sandstones and the Temeside Shales may be studied. At 
the northern end of this quarry, about 20 feet of Downton-Castle 
Sandstones may be seen, the upper 11 feet being the thinly- 
bedded micaceous sandstones (HE ¢), while the lowest beds seen are 
the carbonaceous sandstones (Ed). A deeply-weathered band 
6 feet from the top may represent the Fish-Bed, but it is not clearly 
defined. The highest members of the thinly-bedded sandstones 
acquire a greenish tint and mealy texture, and pass gradually up 
into the rubbly shales (F a), 15 feet of which are exposed at the 
southern end of the quarry. The section is then obscured for some 
little distance, but at the corner where the road bends more to the 
south-west, the olive shales with the Temeside Bone-Bed (3 inches 
thick) may be observed ; while, in a small quarry east of the School- 
house, the Old Red Sandstones are seen. 


(iv) The Downton-Castle Inher. 


In this inlier there is a practically-complete succession of the 
highest Silurian rocks, from the Chonetes-Beds of the Upper Ludlow 
Group into the Old Red Sandstone. 

Upper Ludlow Group.—The lowest members seen are the 
Chonetes-Beds (Da). These are exposed on the southern bank of the 
Teme north-east of Forge Bridge, where they dip south-eastward at a 
low angle, forming the lowest portion of a steep cliffsome 60 feet in 


210 MISS G. Le ELLES AND MISSI. L. SLATER oN THE [May 1906, 


height. The succeeding Spirifera-clevata Beds (D b) are about 12 feet 
thick ; but the Ludlow Bone-Bed (Dc) appears to be overgrown 
by vegetation wherever the cliff is accessible : its position, however, 
can be approximately determined, since the Spirifera-elevata Beds are 
found about 40 feet above water-level, while the lowest members of 
the Downton-Castle Sandstones (E) are seen a few feet above. 


Fig. 5. 


Downton-Castle’, 
Sandstones 


Downton Bone-Bed¥ZeF 
Ludlow Bone-Bed* 27 


D.b LE 
= BS ZS “Section across the Teme 
, Ae at Forge Bridge 


[For explanation, see the vertical section, fig. 6, p. 212.] 


On the other side of the river the succession is clearer: the 
Chonetes-Beds again form the base of the cliff both east and west of 
Forge Bridge, dipping north-westward; and, owing to the unsym- 
metrical nature of the fold, the Ludlow Bone-Bed is visible at a 
lower level, being seen in the road leading down to the bridge, along 
a track leading to Forge Rough, and again farther to the north- 
east, close to a cottage by the Old Millrace-weir. 

Temeside Group.—aAt all these localities the Platyschisma- 
Bed (E 6) is found, in its usual position, with the intervening 3 feet 
of mottled sandstone between it and the Ludlow Bone-Bed. In 
the road-section it is slightly ‘bony’ in character; but at the Cottage 
it has taken on all the characteristics of a bone-bed, and so closely 
resembles the Ludlow Bone-Bed that it can only be distinguished 
by the presence of Platyschisma, which still occurs abundantly and 
has never been found by us at the lower horizon. From the Cottage 
this Platyschisma Bone-Bed (=Downton Bone-Bed) strikes down 
towards the River Teme, and is seen at river-level about 100 yards 
farther east, The beds immediately above it are the massive yellow 
‘sandstones with Lingula minima (Kc). The higher members of the 
Downton-Castle Sandstones form the remainder of the cliff on the 
north side of the river, but are only well exposed in the quarries on 
either side of the road leading to the bridge, where the highest 
sandstones (Ke) are seen. The entire thickness of these sandstones 
does not seem to exceed 35 feet at this locality, although there is a 
little variation from place to place. The beds gradually bend round 
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to the south, and 200 yards west of the bridge strike so as to cross 
the river. 

On the southern bank, the Downton-Castle Sandstones are seen 
just behind the Forge, and up the banks of a small stream which flows 
northward into the river at this locality ; but the best section is seen 
in a large quarry at the top of the southern cliff, where a path runs 
along in the Tin-Mill Wood, at a height of 45 feet above the river. 

Here 22 feet of sandstones are exposed, dipping southward at 7°. 
The lowest beds seen are the massive sandstones (Ec), but their 
base is not visible; they are succeeded by the carbonaceous sandstones 
(E ¢), which are in turn overlain by the thinly-bedded micaceous 
sandstones (Ee). About 7 feet from their upper limit a coarse 
micaceous bed seems to represent the Fish-Bed, but the fish-remains 
are not so abundant as at some other localities. The sandstones 
above it gradually acquire a greenish tint, and a more mealy texture, 
and pass gradually up into the rubbly shales (F a) so characteristic 
of the highest division of these rocks. (Cf. vertical section, fig. 6, 
p. 212.) This is one of the best sections in the district for showing 
the junction between the Downton-Castle Sandstones and the 
Temeside Shales. 


Continuing north-east through the Tin-Mill Wood, and following 
the lower track where the path divides, one may again see the higher 
members of the Downton-Castle Sandstones (E ¢) in several small 
quarries. The strike of the beds sweeps round gradually in a 
northerly direction, until beyond the old Tin-Mill the beds dip north- 
east at 8°. 


In the low cliff which forms the right bank of the Millrace an 
excellent section of Temeside Shales is exposed, passing up into the 
Old Red Sandstone (cf. vertical section, fig. 7, p. 213). The bed of the 
Millrace is occupied by soft grey flaggy beds (Fa), but these can only 
be observed in dry weather, and are usually covered by water ; the 
higher beds of the rubbly shales are seen at the side. A red shale- 
band is conspicuous near the base of the low cliff, and about 2 feet 
above it a gritty bed with broken Lingule is found: this is easily 
recognizable, and seems to be a local bone-bed; it has yielded 
Lingula cornea, Onchus tenwistriatus, Ctenacanthus-like spines, and 
Leperditia ef. margimata. 

The hard grey sandstone (F6) forms a well-defined ledge all along 
the section, and is succeeded by a grey shale-bed, from the weathered 
surface of which large specimens of Lingula cornea often project in 
great abundance. These pass up into the more typical olive shales 
with the Temeside Bone-Bed (Fd). In its general characters, this 
bone-bed is exactly comparable with that exposed ‘on the River Teme 
at Ludlow. It is very fossiliferous at this locality, and has yielded 
the following forms :— 


Pterygotus ludensis. i Lingula cornea, 
Plerygotus problematicus, Ctenacanthus sp. (?) 
Onchus tenwistriatus. Cephalaspis sp. (?) 
Onchus Murchison. Pachytheca spherica. 


Onchus sp. H 


Fig. 6.— Vertical section of the Downton-Castle inlier at Forge Bridge, 
on the scale of 6 feet to the inch. 
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The olive shales are also very fossiliferous, and contain numerous 
remains of Kurypteride, most of which are, however, very frag- 


Fig. 7.— Vertical section in the Temeside 
Group at Tin-Mill Race, on the scale 
of 6 feet to the inch, 
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mentary, as the beds 
are brittle and have 
an objectionable habit 
of crumbling to pieces 
when worked. At the 
top of the olive shales 
gritty bands begin to 
come in, and a well- 
defined one crowded 
with carbonaceous re- 
mains is recognizable 
as the ‘ Fragment - 
Bed’; while imme- 
diately above it come 
the massive purple- 
red sandstones, which 
we regard as belong- 
ing to the Old Red 
Sandstone. 


The Temeside Shales 
are also exposed at 
three other places in 
the inller; on the 
north side at the 
Spring, where the 
rubbly shales alone 
are visible, and on 
the south side in the 
small stream near 
Forge Bridge, and 
west of the bridge 
below the track lead- 
ing to Downton - 
Castle Bridge. In the 
stream the following 
beds were seen :— 

The variegated rub- 
bly beds (F a) are ex- 
posed in the stream- 
bed for a short dis- 
tance, and terminate 
at a small waterfall 
which marks the 
position of the grey 


micaceous grit (Fb). The lowest olive shales are not seen, but 
the highest beds may be detected below the massive red sandstones, 
the position of which is indicated by another waterfall. All the 


beds dip a little east of south at 25°. 
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The succession of these highest beds is more clearly seen 300 yards 
west of the stream below the track to Downton-Castle Bridge. 
Here the olive shales are well exposed, with the characteristic gritty 
‘Fragment-Bed’ at their upper limit. We were unable to detect 
this in the stream-section, but it is here immediately overlain by 
the same massive red sandstones as those which form the upper 
waterfall of the stream. 

The chief points wherein these beds in the neighbourhood of 
Downton Castle differ from those at Ludlow, are the thinning of the 
Platyschisma-Bed to a Bone-Bed and the thickening of the olive 
shales (Fc & Fe). 


(v) Mocktree. 


Owing to the faulting in the northern part of the area, a satis- 
factory line of section is difficult to obtain, but a fairly typical one 
can be made out along the Leintwardine-Ludlow road. 

The Aymestry Limestones (A) are still being worked ina series of 
quarries along that part of the road which runs through Wassell 
Wood ; but in the large quarry 130 yards west of the Briery a small 
fault running from north-west to south-east drops the Mocktree 
Shales (B) dewn against the limestones, and the fault is well seen in 
the face of the quarry. The lowest limit of the Mocktree Shales is 
also visible and is somewhat peculiar, suggesting that at this horizon 
erosion of the limestones was being carried on during their deposi- 
tion.’ This section has been recently figured in the Proceedings 
of the Geologists’ Association, vol. xviii (1904) pl. xlii, fig. 1. 

The Mocktree Shales, crowded with Dayia navicula, are exposed 
more or less continuously for 600 yards along the road, but then 
the succession is interrupted by a west-north-west fault, and con- 
sequently the same beds are still seen for another quarter of a mile 
along the road. They are more extensively developed here than 
anywhere else in the district, attaining a maximum thickness of 
150 feet. On each side of Fiddler’s Elbow the basal beds of the 
Lower Whitcliffe Flags (C) are seen, and south-east of Hillpike 
Farm Upper Whitcliffe Flags (D) are well displayed in an old quarry 
on the south side of the road, and in the banks of the road itself, 
On the north side of the road near Lodge Lane, the highest members 
of the Downton-Castle Sandstones (HE) have been quarried in a 
small plantation. 


(vi) Sections near Onibury. 
(a) Craven-Arms Road. 


Another section showing the relationships of the highest Silurian 
rocks may be seen along the road from Craven Arms to Onibury, 
6 miles north-west of Ludlow. The Aymestry Limestones (A) are 
exposed a little more than a mile north-west of Onibury, on the north. 
side of the road, dipping 15° eastward; and from this point to the 
milestone there is a nearly-continuous exposure in the road and in 
the river-bank, along which the characteristic honeycomb-weathering 
is most clearly seen. The succeeding Mocktree Shales (B) are well 


* Lightbody, Quart. Journ. Geol. Soc. vol. xix (1863) p. 368. 
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exhibited in an old quarry off the road, and again in the river-bank 
to the south-east. The lowest beds of the Lower Whitcliffe Flags (C) 
are not exposed, but the higher members may be studied in an old 


Fig. 8.—Geological map of the neighbourhood of Onibury. 
(The map is oriented north and south.) 
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quarry in the wood west of Upper Park Farm; while the Upper 
Whitcliffe Flags (D) are still worked farther south in another 
old quarry, where the Concretion-Band (C5) is visible 6 feet from 


the base. 
(b) Onibury-Norton Lane, 


Crossing the railway at Onibury and taking the lane leading to 
Norton, a large quarry in the Downton-Castle Sandstones (I) is seen 
200 yards above the post-office on the west side of the road. Some 
32 feet of rock are exposed, and the beds dip HE. 15° 8. at 12°, but 
neither the highest nor the lowest beds are visible. (Cf. vertical 
section, fig. 9, p. 216). 

The lowest beds seen are the massive sandstones (H¢), but they 
are only exposed for a few feet in the south side of the quarry, 
where working has been carried on to a lower level than elsewhere ; 
their massive bedding and irregular fracture are characteristic, and 


9.—Vertical section in the 
Downton-Castle Sandstones at 
Onibury Quarry, on the scale 
of 6 feet to the inch. 
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they contain numerous specimens of Lingula minima, while Leper- 
ditia marginata and various seed-like bodies are also found. These 
massive sandstones pass up into others chiefly distinguished by 
their more regular and closer bedding, smaller number of Lingule, 
and abundant carbonaceous remains. These and the succeeding 
division are markedly current-bedded. The carbonaceous remains 
become rarer in the higher beds, and the bedding becomes thinner, so 
that the highest sandstones are uniformly thinly-bedded, extremely- 
micaceous sandstones, with but few traces of life except in the 
peculiar bed that we have distinguished as the Fish-Bed. 

This Fish-Bed occurs about 12 feet down, and is well seen in 
the western face of the quarry: it is a coarsely-micaceous friable 
sandstone, full of fish-fragments, which show especially clearly on 
the weathered surface. It varies both in texture and thickness 
within short distances, and in this respect agrees closely with the 
various Bone-Beds of the Series. It does not seem to be present 
everywhere over the area, but wherever we have detected it, it 
occupied approximately this same horizon. 

The fish-remains collected from this bed were unfortunately very 
fragmentary and badly preserved. Our debt therefore is all the 
greater to Dr. Traquair and Dr. Smith Woodward for their kindness 
in examining them for us. They report that most of the fish-remains 
are broken-off cornua of the Cephalaspid Hukeraspis pustulifera, 
Agassiz, while a few are fragmentary spines referable to the 
Acanthodian genus Climatius. 

Continuing in a north-easterly direction along Norton Lane, we 
find the next exposure about 80 yards farther up on the east side of 
the road in the ditch, where the rubbly shales (F a) are seen; they 
are precisely like their equivalents in the Tin-Mill Wood, and must 
be those immediately overlying the highest beds of the Downton- 
Castle Sandstones. 


About 300 yards farther up the lane, just before it turns abruptly 
to the left, is the beginning of one of Marston’s typical sections. 
The Temeside Shales are seen on both sides of the road, and although 
somewhat overgrown, the section is more or less continuous, and 
affords an excellent opportunity for studying the succession, which 
appears to be as follows (cf. vertical section, fig. 10, p. 216) :— 

The lowest beds seen are the variegated rubbly shales (F a), 
15 feet of which are exposed: among these may be noted a con- 
spicuous red shale-band, 2 feet above road-level, and a Lingula- 
band 1 foot above the shale-band. The hard grey grit (F 6) forms 
a conspicuous ledge all along the section on both sides of the road ; 
the succeeding olive shales (F c) are considerably thicker than their 
equivalents in the Tin-Mill Wood; and the Temeside Bone-Bed is 
found well up in them. This bone-bed is perhaps less clearly defined 
than usual, consisting of two distinctly ‘ bony’ layers, with bony 
fragments in the intervening shale as well ; probably the three layers 
should be regarded as the equivalent of Fd elsewhere. Numerous 
fossils have been obtained at this locality (see lists, pp. 219-20). 

The greater thickness of the higher beds of the olive shales 
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appears to be due to the presence of sandy beds, which are hardly 
represented in the Tin-Mill Wood. 

Just below the lowest of a series of purplish sandstones the 
‘Fragment-Bed’ may be found. Therefore we place all the beds of 
the upper part of the section in the Old Red Sandstone, although, so 
far as we can make out, Marston included them in his ‘ Tin-Mill 
Shales.’ 

(c) Norton. 


Additional confirmatory sections are visible in the tracks leading 
from Norton-Camp Wood to Norton, known as Rotting Lane and 
Camp Lane respectively. 

The Aymestry Limestones (A) have been extensively quarried in 
Norton-Camp Wood; they yield their characteristic assemblage of 
fossils, although Conchidium (Pentamerus) Knightii is perhaps not 
so abundant as at some other localities, and Atrypa reticularis rather 
more so. The Mocktree Shales(B) are seen at various points 1m- 
mediately east of the Wood, and the Lower Whitcliffe Flags (C) come 
on quickly above them, and are well seen in Rotting Lane with the 
Concretion-Band (C 6) which marks their upward termination. The 
Upper Whitcliffe Flags (D) are seen in continuous section along 
both tracks, dipping 6° eastward, the Spirifera-elevata Beds coming 
on just before the main road is reached. The Ludlow Bone-Bed (D ¢c) 
is exposed in the orchard behind the red cottage, a few yards to 
the north. It is better developed here than anywhere else in the 
district, being both thicker and richer in organic remains than in 
other localities known tous. The Platyschisma-Bed (Kb) occurs 
above it, with only 2 feet of mottled sandstone intervening. 

The massive sandstones (Hc) have been quarried behind Norton 
Farm, and are there seen with the carbonaceous beds (Hd) resting 
upon them. ‘The outcrops of the highest members of the Downton- 
Castle Sandstones and all the Temeside Shales are concealed by 
vegetation. 


VI. Conciusions. 


We hope to have shown in the foregoing pages that the highest 
Silurian rocks are capable of more detailed subdivision than has 
been hitherto believed. It remains, however, to be proved whether 
the classification that we have adopted is of more than local value, 
although from the observations of one of us in other areas we haye 
some reason to hope that this will prove to be the case. 

The mapping of our zones has also, we think, indicated in 
various places the presence of faults which have remained hitherto 
undetected, 

In conclusion, we offer our grateful thanks to Prof. Hughes for 
facilitating our work in every way ; to Dr. Marr for his advice and 
encouragement; and to all the other members of the Cambridge 
School, with whom various points have been freely discussed. We 
would also wish to record our gratitude to Mr. Charles Fortey, the 
honorary Curator of the Ludlow Museum, for his unfailing courtesy 
to us during our visits to that town. 7 
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i. LOSSIL Lists. 


(These lists are compiled from our own collections, supplemented by that of the Ludlow Museum. | 


AYMESTRY 


GROUP. 


GRoup. 


‘Upper LupLow 


TEMESIDE GROUP 


r= rare. | 
c¢ = common, 
C = very common. 


Conchidium-Limestone. 


| [eaeeeehales: 


| Rhyn chonella-nucula Beds, 


| Chonetes-Beds. 


Spirifera-elevata Beds. 


Ludlow Bone-Bed. 


Mottled Beds. 


Platyschisma- Bed. 


Massive sandstones. 


Carbonaceous sandstones. 


Thinly-bedded sandstones. 


Micaccous grit. 


Variegated rubbly shales. 


Olive shales. 


Temeside Bone-Bed. 


Lingula corned, SOW. ... 0.0.0... 


BRUCE AS OWA Gees: vanceenest oe 
L. Lewisti, Sow. 
lL. minima, Sow. ... ‘nee 
Irbiculoidea rugata, Sow. ......| 
2. striata, Sow. necteeen 
Jrania implicata, Sow... .. aa 

| 


Pentamerus (Conchidium) 
PROOGIEU, SOW al cemiancen aos vee cre 
Strophomena euglypha, His. .... 
‘tr. rhomboidalis, Wilck. 
str. ornatella, Salter ............ 
Irthis orbicularis, Sow. 
). canaliculata, Lindstr. ; 
). Lunata, Sow... 
). cf. elegantula, ‘Dalm. 
dtrypa reticularis, Linn. 
Thonetes minima, Sow. 
th. striatella, Dalm. ms 
th. lepisma, Sow.. aera 
thynchonella nucula, ‘Sow. 
th. (Wilsonia) Wilsoni, Sow. . .| 
Jayia navicula, Sow. ............ 
ipirifera elevata mut., Dalm. | 
Vhitfieldella didyma, Dalm. = 


fvicula Danbyi, M‘Coy. 
Jucullella antiqua, Sow. 
J. coarctica, Phill. 

. ovata, Sow. 
ESPs canis 
Ytenodonta sp. 
toniophora cymbeformis, Sow. 
Lodiolopsis ao ae Sow. 
UZ. levis, Sow. ....... Ree ahene 
I. mytilimeris, Conrad ......... 
RESP tes 200 - 
Irthonota amygdalina, Sow. ... 
). amygdalind Var. ...... cece 
). angulifera, M‘Coy ............ 
). impressa, SO Waren 
). riyida, Sow.. 5 

). semisulcata, Sow. 
). solenoides, Sow. 
Pterinea hyans, M‘Coy 
?t. orbicularis, M‘Coy 
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EXPLANATION OF PLATE XXII. 


Geological map of the neighbourhood of Ludlow, on the scale of 
2 inches to the mile. 


Discussion. 


The Presrpenr said that he was glad to see that, shortly after a 
paper had been read by one Cambridge student upon Sedgwick’s 
classical area, other Cambridge students had devoted attention to 
the equally-classical region of Siluria. In each case, he understood 
that the authors accepted the broad lines drawn by the earlier 
workers, but gave more minute divisions than had been (in the former 
state of our knowledge) possible. 

He congratulated the workers on the results that they had 
obtained, by means of groups of fossils which hitherto had not been 
extensively used in the stratigraphical classification of the Lower 
Paleozoic rocks of Britain. He felt that the Authoresses had 
established their classification for the region described. Whether 
it was applicable to wider areas remained to be seen, and he hoped 
that the Authoresses themselves would be able to establish this, 
for they had proved themselves eminently qualitied for the task. 

Prof. Hueuxzs expressed his appreciation of the advantages which 
the Society now enjoyed, of hearing the results of the excellent 
work done by women in Geology from themselves and discussing 
the conclusions arrived at with them. Turning then to the subject- 
matter, he thought that the great interest of the paper lay in its 
being a careful examination of the lithological and paleontological 
characters of the deposits which were laid down at the close of the 
Silurian Period, when some great geographical changes were pending 
which brought the Silurian conditions to an end, and with no 
unconformity ushered in the Old Red Sandstone. This was quite 
different from the conditions which were found to have prevailed 
in North Wales and the North of England, where there was no Old 
Red of the Southern type, but the upturned edges of all the 
Silurian to the highest beds there seen were cut off and covered 
discordantly by the so-called ‘ Old Red,’ which he considered to be 
the basement-bed of the Devonian or Carboniferous. 

In answer to a question put by Dr. Teall, the speaker explained 
what he meant by the Northern and Southern type of Old Red, 
by means of a diagram sketched on the blackboard. 

Mr. Horxrnson congratulated the Authoresses upon the excellent 
stratigraphical and paleontological work which their paper evinced. 
He had always considered that the Monograptus-leintwardinensis 
Beds formed the summit of the Lower Ludlow rocks, and had 
recorded (in 1872) one species of graptolite only, of wide range 
(Monograptus colonus), as occurring in the Aymestry Limestone, 
having found it in shale between the two beds of this lhme- 
stone at Mocktree Quarry. If, as he understood, the Authoresses 
carried down the line of division between the Lower Ludlow rocks 
and the Aymestry Limestone to below the fissile flagstones of 
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Church-Hill Quarry, Leintwardine, Monograptus leintwardinensis, 
which there occurs in abundance, would now have to be regarded 
as the characteristic graptolite of the basal beds of the Aymestry 
Limestone, 

Dr. A. Surra Woopwarp expressed the hope that the Authoresses 
would extend their researches to the Llandovery area in the Cwm 
Dwr, where the section of Upper Ludlow and Lower Old Red 
Sandstone was particularly clear. He anticipated that the suc- 
cession of faunas there would prove to be the same as that in the 
Ludlow district. 

Miss [crexs, in reply, thanked the Fellows of the Society for their 
reception of her and Miss Slater’s paper, and stated, in answer to 
Mr. Hopkinson, that they thought it advisable to consider the 
Leintwardine Flags as part of the Aymestry Limestone: since, 
wherever the limestone became less pure, the fauna characteristic of 
the Leintwardine Flags appeared. 
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11. On the Iennous and Assoctatep Seprmenrary Rocks of Luan- 
eynog (CABRMARTHENSHIRE). By Tuomas Crospex Canreitr, 
B.Se. Lond., and Herserr Henry Tuomas, M.A., B.Sc., 
F.G.8.' (Read January 24th, 1906.) 
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I. Inrropucrion. 


In the neighbourhood of the village of Llangynog, some 6 miles 
south-west a; the town of Caermarthen, an elevated tract of ground 
lying between the River Towy on the east and the Cywyn on the 
west, presents features of especial interest in that it contains several 
small masses of igneous rocks among the Ordovician sediments. In 
the re-mapping on the 6-inch scale of the South Wales Coalfield and 
the ground adjacent thereto, it fell to us to re-examine this district, 
In memoirs necessarily devoted chiefly to a description of the Coal- 
field, it is not possible to enter into such detail concerning the 
petrolog ry and stratigraphy of these older rocks as they seem to 
deserve. We therefore sought the permission of the Director of 
the Geological Survey to lay before this Society the following 
particulars. 

The district is comprised in the Old Series 1-inch Ordnance-map, 
Sheet 41; in the New Series l-inch map, Sheet 229 (Caermarthen), 
and in ihe 6-inch maps, Caermarthenshire 38 8.E., 398.W., 45 N.E., 
and 46 N.W. It consists of an elevated plateau, which at Pen- “y- 
Moelfre and Castell Cogan attains an altitude of 546 feet and 
426 feet respectively ; it is drained in part by several streams 
which flow southward into the estuaries of the Taf and the Towy, 
and in part by streams flowing north-westward into the Cywyn, 
which itself falls into the Taf. 


1 Communicated by permission of the Director of H.M. Geological Survey. 
R 2 
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The south-eastern part of the plateau is occupied by the red 
marls of the Lower Old Red Sandstone, the base of which crosses 
the district from north-east to south-west, and rests with great 
unconformity on the various Ordovician and Cambrian rocks which 
make up the north-western part of the piateau. 


II. Hisrortcan Summary. 


The earliest references to the igneous rocks of the district appear 
to be the observations published by Murchison in 1839, in his 
‘Silurian System.’ In chap. xxviii, on Caermarthenshire, under 
the heading ‘ Trap of Castel cogan, &c.’, he calls attention to the 
outburst of trap which occurs between the rivers Towy and Taf, 
pointing out that the trap has been erupted along a north-east 
and south-west fissure, and is traceable at intervals for 3 or 4 
miles, from Glog, past Capel [Bethesda] and Llangynog, to Castell 
Cogan and Gallt-y-minde on the left bank of the Taf. He notices 
the felspathic character of the rock [rhyolite] at Gallt-y-minde ’ 
and Castell Cogan, and observes that it contains minute crystals of 
iron-pyrites. Having thus briefly noted the course of the supposed 
outburst, as followed from north-east to south-west, he retraces 
his steps and points out that, after subsiding for a while, the trap 
reappears at Capel [Bethesda] in the form of a concretionary 
felspar-rock [rhyolite]. He observes that the line of outburst is 
flanked by masses of volcanic grit, passing into a felspar-conglo- 
merate [ Vetragraptus-Grits|. At Glog this conglomerate had been 
deeply quarried, and the base of the quarries exposed 
‘a very hard rock, full of oblique rents and cracks, made up essentially of 
compact felspar, for the most part concretionary, whilst in the upper part, 
small pebbles of quartz become apparent, and are frequent near the summit. 
This felspar conglomerate, with quartz pebbles of the size of eggs, varies from 


that state to a grit, and when deeply laid open, consists of a concretionary and 
solid mass of felspar.’ ° 


He points out that the strata along the line of eruption near 
Castell Cogan are extensively fractured; that the associated 
‘Silurian’ grits are in places vertical and even inverted, and are 
unconformably covered by the Old Red Sandstone. 

On his map Murchison shows four patches of ‘trap’ in the 
‘Silurian’ rocks of the Llangynog district, and three patches of 
‘volcanic grit,’ and notes the occurrence of ‘ trap-conglomerate.’ 
Of his four patches of ‘trap,’ one is evidently the rhyolite of 
Castell Cogan ; another, the rhyolite of Capel Bethesda; a third is 
presumably the mass of rhyolite which he appears to have seen 
in the deep quarry at Glog; while the fourth coincides in position 
with an elliptical outcrop of Tetrayraptus-Grit at the old windmill - 


. Pp. 865-66. 

* This name does not appear on the Ordnance-maps; Gallt-y-minde is the 
steep slope west of Castell Cogan. 

5 «Silurian System’ 1839, p. 365. 


Vol. 62.] IGNEOUS AND SEDIMENTARY ROCKS OF LLANGYNOG. 225 


1 mile east of Llangynog village, but where no igneous rock is 
now tobe seen. Strangely enough, the Lambstone porphyry is not. 
represented on his map. 

Of his three patches of ‘volcanic grit,’ one appears to be the 
Didymograpius-bifidus grit of Castell-y-garthen; a smaller patch 
to the north-east of this is probably a grit of like age, which 
crops out 400 yards west of Lambstone Farm; while the third is 
evidently the Vetragraptus-grit of Pen-y-Moelfre. 

He represents the sedimentary rocks associated with the igneous 
rocks as ‘ Llandeilo Flags’ and ‘ Upper Silurian’ rocks: the ‘ Llandeilo 
Flags’ are Tetragraptus-Beds (Arenig); thesupposed ‘ Upper Silurian’ 
rocks are certain green marls, cornstones, and sandstones, which 
form the basement-beds of the Old Red Sandstone of the district. 

On his section (pl. xxxiv, fig. 11), which is drawn along a 
north-north-west and south-south-east line through Pen-y-Moelfre, 
Murchison represents the [Lower] Silurian rocks of that hill as 
undulating, not vertical, and as containing bands of volcanic grit ; 
and a boss of trap is shown as bursting up between the Lower 
Silurian rocks, and what (from the colour on the map) he appears to 
have meant for Upper Silurian, but which are now known to be 
Old Red Sandstone. These supposed [Upper] Silurian rocks are 
represented as faulted off from the Old Red Sandstone. The last- 
mentioned boss of trap does not appear on the map, and does not 
indeed occur on the ground through which the section is drawn. 

De la Beche! refers to the presence of conglomerates among the 
Lower Silurian [Ordovician] rocks of the district. The original 
Geological Survey-map, Sheet 41 (published in 1845), shows the 
igneous rocks at Coomb and Lambstone as ash-beds, but the 
rhyolite of Capel Bethesda is included in the diabase north of 
Pen-gelli-uchaf and coloured as a greenstone-dyke. The diabase of 
Tre-hyrn is not shown, and much of the ground occupied by 
andesites near that place is thrown into the sedimentary series. 

The horizontal section, Sheet 2, Section 6, published by the 
Geological Survey in 1844, is drawn along a north-west and south- 
east line through Pen-y-Moelfre; it represents that hill and also. 
Moelfre Wood as anticlines, with a syncline between them. The 
Lambstone igneous mass is shown as ‘trap-rock,’ and bleached 
shales are noted near the ‘ trap.’ 

The late Thomas Roberts? noted that ‘the rock marked Fsb* 
on the Survey-map, near Llangynog, appears to be a diabase.’ It is 
probable, although not certain, that in this passage he referred to 
the diabase of Tre-hyrn. 

We have given a brief account of the igneous rocks in the 
‘Summary of Progress of the Geological Survey’ for 1904.’ 


1 «On the Formation of the Rocks of South Wales & South-Western England’ 
Mem. Geol. Surv. vol. i (1846) p. 29. 

2 Quart. Journ. Geol. Soe. vol. xlix (1893) p. 170. 

3 Mem. Geol. Sury. 1905, p. 37. 
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II. Tur Seprmentary Rocks. 


The sedimentary rocks associated with the various igneous masses 
consist of the following, in descending order :— 


Red marls and sandstones; with a group of green 
marls and cornstones, sandstones, and conglome- 
rates at the base. 

‘Didymograptus-bifidus Beds. — Blue-black 
shales with one or more thick bands of grit 
(Bifidus-grits) towards the base. Graptolites of 
D.-bifidus type characteristic. 

Tetraygraptus-Beds.— Black and buff shales, often’ 

OrpdovICIAN | iridescent and iron-stained, with interbedded thin 

(ArgnI@). \ grit-bands. ‘Thick bands of ashy grit and con- 
| glomerate (Zetragruptus-grits) towards the base. 

Fossils rare; the shales yield extensiform and 

dendroid graptolites, Te¢ragraptus, and some horny 

brachiopods; Didymograptus bifidusis absent. The 
grits yield occasional specimens of Orthis. 


LowErR 
Oup Rep SanpsTone. | 


(1) The Tetragraptus-Beds. 


The beds belonging to this subdivision crop out on some elevated 
ground extending north-eastward from the village of Llangynog 
towards the River Towy, and occupy an area some 4 miles long by 
13 broad. They are faulted on the north against an outcrop of 
Didymograptus-bifidus Beds, and on the south are bounded by the 
Old Red Sandstone. Stretching across the middle of this shale- 
area is a series of elliptical hills and ridges made up of grits and 
conglomerates. The ridges, which are frequently bounded on all 
sides by faults, are disposed in a zigzag line running from west 
to east, from Pen-y-Moelfre and Moelfre Wood, through the Wind- 
mill Hill, to Glog, a distance of 2 miles. Inasmuch as the grits 
and conglomerates forming these ridges are more or less vertical, 
the true order of succession is not obvious; but we have every 
reason to think that the grits and conglomerates are the same 
as those which form the core of a dome-like anticline at Bola- 
haul and Allt-cystanog south-east of Caermarthen,' where they 
underlie the equivalents of the Tetragraptus-shales and constitute 
the lowest member of the Arenig Series. At Llangynog they are 


again brought up in the form of anticlines, and are the oldest part 
of the Tetragraptus-Beds. 


(a) Shales north of the Grits. 


On the north of the grits the best sections are to be found 
along the upper parts of Nant Crymlyn, a stream which rises on 
some peaty ground north of the village of Llangynog, and flows © 
north-westward to the Cywyn at Banc-y-felin. In this brook, due 
north of Lan-y-gors, greyish-black splintery shales and mudstones, 


* ‘Summary of Progress of the Geological Sur : 
Cae Ere ecological Survey for 1904’ Mem. Geol. 
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with small horny brachiopods and dendroid graptolites, are exposed. 
The same beds have been cut through by the road from Forest 
to College, which here crosses the stream ; and this section shows 
the iron-staining and iridescence that frequently distinguishes 
these beds. Traces of dendroid graptolites and horny brachiopods 
were found here, together with Clonograptus sp., as identified by 
Miss E. M. R. Wood. 

There are other sections near College and about the village of 
Llangynog, and also at Lambstone Farm, in close contiguity to the 
Lambstone porphyry ; for instance, in a cart-road leading to the 
fields behind Banc-y-ffynnon highly-micaceous buff shales dip 
west 10° north at 50° or thereabouts, towards the porphyry which 
crops out on some rough ground 50 yards farther to the west. 

At Lambstone Farm, in a lane immediately west of a quarry in 
the porphyry, is a small opening in faulted and disturbed shales ; 
there has evidently been some amount of movement between the 
shales and the porphyry, but the actual junction is not well-exposed. 
Small outcrops and débris of buff shales may be seen in the 
adjacent fields. 

There are several outcrops of grit within the shale-area just 
described, but as they do not appear to lie on the horizon of the 
massive grits of Pen-y-Moelfre and Glog, and are relatively un- 
important, they will not be further described. They can be seen at 
Ffordd and Nant-y-gég; while another forms a low ridge running 
from Ffald south-westward towards Pen-y-Moelfre. 


(6) The Grits and Conglomerates. 


The main outcrop of grits and conglomerates first appears near 
Glog-ddu, nearly 2 miles east of Llangynog village. Here an 
elliptical outcrop of conglomerate forms a conspicuous ridge imme- 
diately west of the farm. ‘The rock is exposed on a footpath at the 
eastern end of the ridge, and there are occasional outcrops along 
the crest; but the best section is afforded by a large and con- 
spicuous old quarry on the northern face of the ridge. This is 
doubtless the quarry described by Murchison (ante, p. 224) as 
showing the conglomerate passing down into ‘felspar-rock.’ The 
only rock now visible is a conglomerate, consisting of well-rounded 
pebbles of what appears to be rotten rhyolite, with others of fine 
white quartzite, vein-quartz, and shale, embedded in a hard 
felspathic and sandy matrix, olive-green and buff in colour. The 
rock is devoid of bedding-planes; and such small evidence of 
bedding as is shown by the arrangement of the different-sized 
pebbles suggests a dip of about 20° to the north. There is no 
obvious difference between the beds at the top of the quarry-face 
and those at the foot. From Murchison’s description we can 
only conclude that, at the time of his visit, some lower rock, now 
hidden, was exposed in the quarry, or that he was mistaken in 
his identification. 

A quarter of a mile farther north the grits and conglomerates 
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reappear at Glog Farm, where they may be seen near the well a 
few yards north-east of the house. They consist of felsite-con- 
glomerates and interbedded black shales which have yielded Orthis. 

Traced westward from Glog, the grit-crop extends for about half 
a mile to the cross-roads north of Pen-gelli-uchaf. It is bounded 
on the south by a faulted strip of ground, which includes the 
rhyolites of Capel Bethesda, and a remarkable rhyolite-conglome- 
rate of doubtful age. At the cross-roads is a quarry in rotten 
diabase, which appears to have been intruded into the grits. 

The bare surface of the road about 60 yards north of the cross- 
roads shows pebbly grits, largely made up of rhyolite, within a few 
feet of the diabase which is exposed on the road-surface and also. 
in the old quarry hard by. The grit-outcrop can be followed from 
this point as far as the site of Lan-ganol, 120 yards south of which 
a small quarry by the side of a field-road shows, within a few 
feet of the conglomerate, black, yellow-weathering shales. These: 
yielded Dictyonema sp. and Orthis Actonie (?) Sow., aud appear to 
be identical with the shales which immediately succeed the conglo- 
meratic grits in the Caermarthen district. 

At Lan-ganol the grit-outcrop abruptly turns back on itself, 
and trends in a west-south-westerly direction. At Pen-y-graig 
Farm it forms a prominent elliptical hill, on the north side of 
which a roadside-quarry, 80 yards west of a ruined windmill, 
exhibits massive pebbly grit apparently dipping northward at 70°. 
It has already been pointed out (ante, p. 224) that Murchison’s 
map represents a patch of trap somewhere hereabouts, but we 
have not been able to find any such rock. 

South-west of this quarry are several exposures of the grits and 
conglomerates in the roads, by which the outcrop can be traced to 
Ffald. Here it appears suddenly to terminate against a north-east. 
and south-west fault, which introduces an outcrop of higher non- 
conglomeratic grit. 

The conglomeratic grits reappear, however, in Pen-y-Moelfre. 
This hill consists of an elliptical mass of grits and conglomerates ; 
it seems to be faulted on all sides, except on the west-north-west, 
where the grits appear to pass up into shales. It presents good 
sections by the roadside south of Llangynog School, and a few 
yards farther south at some roadstone-quarries, where the beds are 
vertical, 

At the southern end of the hill, about a quarter of a mile farther 
to the south-east, a large quarry near Llangynog Vicarage shows 
coarse buff sandstone, with frequent pebbles and some _ shale- 
partings ; the grits have yielded Orthis. Here it is very evident 
that they are cut off on the south by a fault, for they strike 
directly towards a good section of fine-grained olive-green shales 
and sandstones, much disturbed and contorted, at the Vicarage- 
gates. 

Hast of this section the grits make up the lofty hill of Moelfre 
Wood, and are exposed in the road at Moelfre Gate. The hill ends 
in a bold north-and-south scarp a little west of Moelfre Farm, and, 
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as sandy-shale débris appears at the foot of the slope, the grits 
evidently extend no farther eastward. The shales themselves, 
however, are immediately cut off by a north-and-south fault, 
which introduces the green basement-conglomerates of the Old Red 
Sandstone of Moelfre Farm. 


(c) Shales south of the Grits. 


Reverting now to the eastern part of the district, we find olive- 
green shales cropping out in a lane at the western end of the grit- 
ridge of Glog-ddu; but west of this point they are concealed by 
boulder-clay, although they doubtless occupy the low ground north 
of Pen-gelli-uchaf. They have been quarricd on the east side of 
Pen-y-coed Brook, halfway between Waun-das and Craig. Thence 
they extend over the low ground south of Ffald, and can be seen at 
Ffynnon-wen immediately north of the edge of the Old Red 
basement-beds, South of this Old Red tract, they are poorly 
exposed in Pen-y-coed Brook, 300 yards west of Waun-das, and 
' consist of highly-micaceous soft shales, with thin bands of hard grit. 
Grey micaceous shales are to be seen at the junction of three roads 
half-a-mile east-north-east of Llangynog Church. 

In the road by Llangynog Church, and thence southward to 
Llangynog Farm, there is a development of thin grits in the shales ; 
and shales with thin grit-bands are exposed occasionally in the 
road between the Church and the Plough-&-Harrow Inn. 

West and south of this, the Zetragraptus-Beds are faulted off from 
the Didymograptus-bifidus Beds of Gardd-erfin and the andesites of 
the Coomb complex. 


(2) The Didymograptus-bifidus Beds. 


These occupy the ground to the north, west, and south-west of 
the Tetragraptus-Beds described above, and are everywhere faulted 
off from them. In the neighbourhood of Llangynog they exist as 
an inverted series, excellently exposed in the middle part of Cwm 
Crymlyn, where, although the Zetragraptus-Beds appear to pass 
normally under them, there is in reality a fault of considerable 
magnitude which throws the higher beds of the Didymograptus- 
bifidus shales against the Y'etragraptus-Beds.’ In the dingle, the 
typical characters of the shales may be observed, and specimens 
of graptolites of the D.-bifidus type collected. 

A thick band of grit crosses the dingle, and can be followed 
south-westward past Uchel-ole to a large old quarry on the north 
of a ravine at Eithin-duon, where it is cut off by a north-westerly 
fault which runs down the dingle. The grit reappears one-third 
of a mile farther south, on the western side of the Lambstone 
porphyry-hill. The grit is followed on the north-west by shales 
which extend down to the Cywyn Valley. These are to be seen in 


1 “Summary of Progress of the Geological Survey for 1904’ Mem. Geol. 
Surv. 1905, p. 47. 
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several small exposures, and have yielded graptolites of the D.-bifidus 
type; while, south-east of the grit, shales may be seen in the road 
bordering the western side of the Lambstone porphyry, against 
which they are faulted: these have yielded similar graptolites. 

South-west of Lambstone Farm these shales extend towards 
Llandeilo-Abercowin ; the grits form the northern slopes of the hill 
(crowned by an old camp named ‘Castle’ on the 6-inch map) 
west of Gardd-erfin; and shales in a cart-road 200 yards west of 
that farm have yielded Dichograptid stipes, a small Diplograptus or 
Climacograptus, and a form of the Didymograptus-bifidus type. 
South of this section they are exposed in a brook, in which, at a 
point 350 yards north-west of Gelli, they have yielded specimens 
of Didymograptus of the bifidus-type, Diplograptus dentatus (?) 
Brongn., and Didymograptus cf. stabilis, Elles & Wood, together 
with Trinucleus, sp. nov. (?), and Ampya nudus (2?) Murch. 

They are faulted against the igneous rocks of the Coomb complex, 
from the Coomb dingle on the north-east, by Gelli, to Pentre- 
newydd on the south-west. At Gelli they contain grits, and in a 
lane 150 yards south-west of the farm they have afforded Didy- 
mograptus bifidus, Hall, and D. artus, Elles & Wood, within a yard 
or two of the andesites. At Pentre-newydd, some included grits are 
exposed in the yard by the side of the house. These and the grits 
at Gelli are probably on the horizon of the chief band, which is to 
be found some 250 feet above the base of the subdivision in other 
parts of the district. 

South-west of Pentre-newydd the shales are well-exposed, 
although somewhat weathered and contorted, in a road-cutting west 
of the Cross Roads, and have yielded graptolites of the Didy- 
mograptus-bifidus type and D. Murchisoni (?), together with 
Aighina sp., Ampy« nudus, Murch., Ampyx sp., Barrandia Oordar, 
M‘Coy, and Barrandia sp. 

Immediately south of this section they are unconformably overlain 
by the basement-beds of the Old Red Sandstone, and faulted on the 


south-west against the Bala Limestone and Dicranograptus-Shales 
of Llandeilo- A bercowin. 


(3) The Old Red Sandstone. 


The lowest beds of the Old Red Sandstone are a group of sage- 
green and buff, rocky, calcareous marls and cornstones, with some 
interbedded conglomerates and micaceous green sandstones. They 
form a well-marked basement-group to the red marls of the Lower 
Old Ked Sandstone of the district. 


(a) The Main Outcrop. 


At the eastern end of the area they are poorly exposed in Fern- 
hill Brook at Rhyd-lydan, where they strike towards the Vetra- 
graptus-Beds of Glog, and are presumably separated therefrom by a 
fault running along the brook. ‘This fault bends westward along 
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the south side of Glog-ddu hill, where it apparently cuts out the 
green beds and brings the red marls against the Vetragraptus- 
conglomerates, although the former are buried under drift. 

At Pen-gelli-uchaf the green beds reappear, and are well-exposed 
in the fields between that place, Waun-das, and Pen-y-coed. They 
contain numerous beds of hard rocky marl full of pebbles (ranging 
up to an inch or so in length) of rhyolite derived probably from the 
igneous masses of the district. Instead of dipping south-eastward 
towards the succeeding red marls, they dip about north-north-west, 
and apparently overlie the red marls. They must, therefore, be 
either inverted or faulted-off from the red marls on the south. 

They are faulted on the north and west against Zetragraptus- 
Beds ; and, for some distance in the direction of Coomb, appear to be 
inverted, as they dip north-westward towards the T'etragraptus-Beds. 

North of Coomb the base of these green beds leaves the fault by 
which they are’separated from the Vetragraptus-Beds on the north, 
and can be traced with complete precision along the eastern side of 
the Coomb dingle, crossing the successive outcrops of the andesites 
and rhyolites of the Coomb complex; while, on the western side of 
the dingle, the lowest bed, a rhyolite-conglomerate, 10 feet thick, 
can be seen dipping at 60° from the rhyolites along the southern 
side of Castell Cogan. 

At Pentre-newydd the green beds pass from the igneous rocks 
onto the Didymograptus-bifidus Beds, and the junction may be 
examined in the road west of the Cross Roads. 


(6) Detached Areas, 


Between Waun-das and Moelfre a small area of the basal green 
beds has been thrown-in to the north of the main outcrop; it is 
faulted on all sides, except on the north. The beds consist of green 
and buff marls and highly-micaceous sandstones, with occasional 
bands of rhyolite-conglomerate. The green marls and sandstones 
are best seen in Pen-y-coed Brook 300 yards north-north-west of 
Waun-dais, and dip south-south-eastward at 25°; from bencath 
them rise lower beds, which contain conglomerates visible in the 
fields to the north. The conglomerates are, however, still better 
exposed at Ffynnon-wen, and also at Moelfre, where they strike 
nearly due east and west with a high dip, and contain large pebbles 
of a felsitic rock. 

One other, though somewhat doubtful, patch of these basal. beds 
remains to be described. On the southern edge of a low gorse- 
covered ridge, a small roadside-quarry 80 yards west of Capel 
Bethesda exposes some 8 feet of a very coarse conglomerate, made 
up of well-rounded pebbles and boulders (ranging up to about a foot 
in diameter) of white rhyolite, among which a few small pebbles of 
vein-quartz and fine white quartzite are present. The upper part 
of the section is much weathered, and there is very little matrix ; in 
the floor of the quarry the rock is more coherent. 

We are uncertain whether to refer this conglomerate to the green 
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beds of the Old Red Sandstone or to the Tetragraptus-Grits ; the: 
coarseness of the material, however, compared with that of the 
Tetragraptus-conglomerate of Glog-ddu Hill (500 yards to the 
south-east) has alone determined us to group it provisionally with 
the Old Red Sandstone. Some 50 or 60 yards north-west of the 
quarry, and on the top of the ridge 
towards its western end, one or two 
angular masses of white-weathering 
rhyolite project through the soil. These 
do not appear to belong to the conglo- 
merate; and if they are not blocks, 
ice-borne from the exposure of that rock 
at the Chapel, they must be the top 
of a rhyolite-mass projecting through 
the conglomerate. The rhyolite at 
the Chapel is striated west 22° south, a 
direction which points towards the 
possible boulders. 
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The igneous rocks of the Llangynog 
district occur in three well-defined areas 
which, taken according to their im- 
portance, are (1) near Coomb; (2) at 
Capel Bethesda ; and (3) at Lambstone. 
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(1) The Rocks near Coomb. 


The igneous rocks in the neighbour- 
hood of Coomb occupy an area of about 
half a square mile, and are bounded on 
the south and east by the Old Red 
Sandstone, which unconformably over- 
lies them; while on the north and west 
they are faulted against T'etragraptus- 

2 Beds and Didymograptus-bifidus Beds. 
3 This area of igneous rocks is naturally 
divided into two unequal portions by a 
dingle through which a stream flows 
southward from near the Plough-&- 
Harrow Inn, past Llwyn-celyn, and 
ultimately falls into the estuary of the Taf. This dingle will 
hereafter be referred to as ‘ the Coomb Dingle.’ 

On the eastern side of the dingle, the rocks consist of two series 
of andesites and associated tuffs, separated by a mass of rhyolites 
and rhyolitic breccia. On the western side, to the north, occurs 
a series of andesites into which the diabase of Tre-hyrn has been 
intruded, and to the south lies the large mass of rhyolitic rocks of 
Castell Cogan. A small patch of intrusive diabase appears at the 
extreme south-west of the area, near Pentre-newydd. 


Fig. 1.—Section across Coomb Dingle, on the scale of 6 inches to the mile, 
Andesitic Lavas kAshes 


D-bifidus 
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(a) The Eastern Side of the Dingle. 


(Gj) The Lower Andesitic Series.—In the main road, at a 
point about 300 yards north-west of Coomb House, these rocks may 
be seen to emerge from below the Old Red Sandstone and to dip 
northward at 52°, and, on the side of the dingle, north 20° west 
at 45°, and may be followed upward and northward for about 
260 yards. They consist largely of banded tuffs, with occasional 
vesicular and fine-grained-andesitic lavas, which are well-exposed 
on the steep slope between the main road and the stream to the 
west. Good vesicular rocks and more compact lavas may be seen 
to the west of the bend which the road takes before it reaches the 
Old Red rocks. This volcanic series nowhere exhibits its lower 
limit, but the calculated thickness of the rocks seen is at least 
350 feet. 


(ii) The Rhyolites.—Succeeding the above is a series of 
rhyolites from 140 to 150 feet thick, consisting of pale-yellow, 
grey, or white-weathering rocks, often minutely but markedly 
spherulitic even in the hand-specimen. ‘These rocks follow the 
dip and strike of the andesites below and succeed them with 
absolute conformity. The highest bed consists of a beautiful 
rhyolitic breccia, made up of fragments which range up to an inch 
or more in length, and are similar in all respects to the rhyolites 
below. This breccia forms a well-marked feature, and a series 
of crags, running from the main road, down the slope, to the 
stream ; it is easily located, as it is almost due east of Tre-hyrn 
farmhouse. 


Gii) The Upper Andesitic Series.—Immediately above the 
breccia which forms the summit of the rhyolites comes a series of 
andesitic tuffs and lavas, with an estimated thickness of about 
900 feet, and identical in appearance with those of the lower series. 
These beds are best seen in the wood running alongside and above 
the road, and are exposed from the rhyolites northward to beyond 
Llwyn-celyn. The first exposure occurs immediately above the 
breccia, and is seen to consist of a fine-grained, compact, green tuff. 
The road-bank and the wood to the east, between the breccia and 
the tributary stream which flows into the dingle at Llwyn-celyn, 
are occupied by banded tufts and lavas, chiefly vesicular. The 
beds dip northward at from 40° to 50°, and the section seen along 
the road and in the wood, from the limiting-fault on the north 
to the rhyolitic breccia on the south, is as follows, in descending 
order :-— 


Thickness in feet. 
BANC CGaG ULB bea ennas cece catasnssasssesceess series 90 


Compact tuffs and andesite ................4. 20 
BANG ec Multi stesastecseccis ssi'eu eons aero .itay 65 
Tuffs and obscure ground .................. 195 
and edututismrecactuccsstccntensaretine sess vases 105 
[Tributary stream at Llwyn- tie ] 
[Banideahtittsnjnied cn ses ones sree saver cee sa8s 70 
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(Section continued.) Thickness in feet. 
OD irth sas eau cacteatestonae ese eniaraseemaeneaegys 20 
Compact andesite and tuffs ...............++ 20 
Fine-grained vesicular andesite ..........-. 6 
Ay st: Wer te TE ett ee ear ort dbo noduiadhcd 35 
Thin vesicular andesite ..............-00008+ 3 
A Wirt te eR Be SBE madeaane. cunnadaanncanche. 10 
Thin vesicular andesite and tuffs ......... 173 


Rhyolitic breecia. 


In the above series six flows have 
been identified ; but, owing to some of 
the ground being obscure, it is impos- 
sible to say whether any more are 
present in the section. 


(6) The Western Side of the 
Dingle. 


(i) The Rhyolites of Castell 
Cogan.—The rhyolites of this area are 
faulted off from those on the eastern 
side of Coomb Dingle, and form the 
high ground to the south of ‘Tre-hyrn. 
The country rises rapidly from the 
stream-level (100 feet above Ordnance- 
datum) to the rampart of the ancient 
camp of Cogan, at a height of 426 feet. 
It then gradually falls again towards 
Pentre-newydd, to an altitude of 200 
feet. The rhyolites are pale-yellow and 
grey rocks weathering white, which 
locally show good spherulitie and 
fluxion-structures, 

Although the area occupied by these 
rocks is considerable and débris of them 
is plentiful, outcrops of solid rock are 
not numerous ; exposures may be seen 
to the best advantage, midway between 
the camp and the dingle, at a point 
situated at the top of the wood; and also 
about 200 yards west of the road near 
the junction with the andesites. At 
the top of the wood, the rocks dip south- 
eastward at 60° to 80°, while at the 
last-named exposure they are vertical 
and strike west 30° south. 

The exposures and dips of these beds, | 
provided that there has been no strike- 
faulting, would indicate a thickness of rock of in all probability not 
less than 1150 feet. 


Castell Cogan 


i Rhyolites 


Section across Castell Cogan, on the scale of 6 inches to the mile. 
- Andesitic Series 


Fig. 2. 


Di pindis Beds. 


(ii) The Andesitic Series.—North of the rhyolites of Castell 
Cogan, and probably faulted from them, is a series of some 


Vol. 62.] | 1GNEOUS AND SEDIMENTARY ROCKS OF LLANGYNOG. Coe: 


900 feet of andesitic rocks, which, generally speaking, occupies a 
less elevated tract of country. The best exposures of these rocks 
are situated on the western side of the Coomb Dingle, east and north- 
east of T're-hyrn Farm, where the beds, which consist chiefly of 
olive-green banded tufts, are well seen along and near the footpath 
leading from Tre-hyrn to Llwyn-celyn. These tuffs undulate con- 
siderably in strike, but have a general dip of 35° to 45° in a north- 
westerly direction. 

Surmounting the slope occupied by these tuffs, and forming con- 
spicuous crags west of Llwyn-celyn, is a pale massive rock, probably 
of extrusive character, which microscopical examination has shown 
to have the composition of a hornblende-andesite. Its lower limit 
is exposed along the side of the dingle for some distance, but its 
summit is nowhere seen; however, there is sufficient evidence to 
prove that it is followed by another series of tuffs similar to that 
which preceded it. There are very few exposures of the andesitic 
rocks on the west towards Gelli, and such as there are evidently 
consist of the usual types of banded and pumiceous tufts. 


(ii) The Diabase of Tre-hyrn.—This rock is intruded into the 
andesitic tuffs below the hornblende-andesite, and in character 
varies from a dark-green, finely-crystalline rock to a more compact 
variety, which is hard to distinguish in the hand-specimen from 
some of the andesitic tufts. The rock is well-exposed couth- 
east of Tre-hyrn farmhouse, and occupies the footpath for about 
50 yards in the direction of Llwyn-celyn; it may then be traced 
along the bank for another hundred yards to the north-east. At 
this point the intrusion breaks across the andesitic tuffs, and con- 
tinues its course as a much thinner sheet at a higher horizon, tailing 
off toa band a few feet thick, and occupying a position on the side 
of the dingle midway between the hornblende-andesite and Llwyn- 
celyn. Its maximum thickness is exposed at Tre-hyrn. 


(iv) The Diabase of Pentre-newydd.—tThis rock is exposed 
only in the road east of Pentre-newydd, appearing on the imme- 
diate north of the Old Red Sandstone and merely a few feet away 
from its base. 

Passing northward up the hill to a gate at a bend in the road, in a 
distance of 30 yards, the section is seen to be as fullows :—The most 
southerly exposure consists of a pale-blue rock with conspicuous 
pyrites-crystals; the rock is very much decomposed, but has a 
parallel structure which strikes about south 25° east. A little higher 
in the road the mass becomes much fresher in character, and lath- 
shaped felspars, small patches of chlorite, and crystals of pyrites 
may be detected in the hand-specimen. This is succeeded by a 
dark-greenish-grey rock with lath-shaped felspar 8, and that by a more 
compact marly-looking rock, which northward gives place to ‘the blue 
variety first mentioned. Just at the bend of “the voad, the section 
is occupied by sedimentary rocks, consisting of grits with fairly- 
large grains of opalescent quartz, and a few thin beds of badly- 
weathered greenish shales, ‘The section continues from the bend 
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in the road northward, both in the road and in the hedgebanks for a 
distance of 17 yards, The hedgebank shows a section, in what 
looks like a more basic variety of the diabase, and this type 
continues up to the junction of the intrusive rock with the rhyolites, 
which may be located to within a few inches. At the junction the 
diabase is exceedingly rotten, and has been sheared against the 
harder rhyolites. The rhyolite at the junction has a flinty margin 
without spherulites, but is immediately succeeded by a beautifully- 
spherulitic rock. ‘The mass of sediments in the section is either a 
patch caught up in the intrusive rock, or a bed lying between two 
tongues of diabase. These sediments, however, present no recog- 
nizable signs of metamorphism. 

Although no other exposures of solid rock are seen, from the loose 
pieces of diabase scattered through the soil of the tract between 
the road and Pentre-newydd Farm, it would appear that this area 
also is occupied by the intrusive rock. 


Fig. 3.—Geological map of the country around Capel Bethesda, 
on the scale of G inches to the mile. 
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(2) The Rocks at Capel Bethesda, 


The igneous rocks in the neighbourhood of Capel Bethesda occupy 
a narrow strip of country, following the road from Glog to the 
four cross-ways north of Pen-gelli-uchaf. The rocks consist of 
rbyolites and a rotten diabase. 


“J 
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(a) The Rhyolites.—The rhyolitic rocks are best exposed in 
the road immediately to the east of Capel Bethesda, where they 
dip a little north of west at 70°. They are tough blue-grey rocks 
which weather white, and contain small but conspicuous cubes of 
pyrites : occasionally they are markedly spherulitic. They are 
bounded on the north by a fault, which separates them from the 
Tetragraptus-grits ; and on the south, although the ground is much 
obscured by drift, there is every reason to think that they are 
again faulted off from the main mass of Arenig sediments. The 
estimated thickness of rock seen is certainly more than 400 feet : 
and if, as seems probable, these rhyclites extend westward under 
the conglomerate in the roadside-quarry mentioned on p. 231, then 
the thickness would have to be greatly increased. 


(6) The Diabase.— At the cross-roads north of Pen-gelli- 
uchaf, in an angle between two of the roads, is an old disused quarry 
opened up in a very rotten, basic, igneous rock. The mass is full of 
joints and cracks, and veined with calcite. On the surface of the 
road to the east of the quarry the rock is well-exposed, but is quite 
as rotten as before ; it has a bluish colour, and contains fairly-large 
patches of calcite, which give it almost an amygdaloidal appearance. 

The road-section is about 60 yards in length, and is seen to 
include a thin mass of sedimentary material in the form of greenish 
indurated (? ashy) shales. ‘These sediments may also be seen in the 
northern hedgebank of the road to Glog, at 20 yards from the 
cross-ways. Immediately north of these last-mentioned shales is a 
steep furze-covered bank, in which by far the freshest diabase is 
exposed. ‘The intrusion is bounded on its northern side by grits 
and shales of Tetragraptus-age, but the junction between the two 
series of rocks is nowhere exposed. 


(3) The Lambstone Porphyry. 


The mass of igneous rock at Lambstone occupies a position due 
west of the village of Llangynog [Llangunnock], and forms an 
elliptical hill to the north of Lambstone Farm, nearly half a mile 
long and one-sixth of a mile wide. The boundary between the 
igneous rock and the surrounding sediments is marked by a strong 
feature, which is easily traceable all round the hill. The mass is 
faulted on its western and southern sides, but on the north and east 
the junction seems to be a normal one. On the west it is faulted 
against black shales containing graptolites of the Didymograptus- 
bifidus type; while, on the south, these give place to yellow, splintery, 
and possibly-indurated shales belonging to the lower part of the 
Tetragraptus-series. In the neighbourhood of Lambstone Farm, the 
junction (which is still a fault) may be closely located, the shales 
striking almost at right-angles to the igneous mass. 

On the eastern and northern sides of the hill the junction seems 
to be an unfaulted one, for the shales strike parallel to the boundary 


Q.J.G.8. No. 246. s 


: a 
fa & 
Ww) S 

G 
ip) 
t x 

= E 
8 

= 
oO 

= 
oO 

<< 

a 


Gritsin Zetragraptus - Beds 


Pen-y'Moelfre 


7g.-Shales 


Lambstone. 


Porphyry 


Fig. 4.—Section across Pen-y-Moelfre, on the scale of 6 inches to the mile. 
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of the igneous rock and appear to pass 
below it. The way in which the shales 
curve round the northern end, and dip 
towards the igneous mass, would suggest. 
that the porphyry is a sill-like mass 
resting within a syncline in the Tetra- 
graptus-shales. 

In hand-specimens, the rock is of a 
pale-blue colour, and weathers grey and 
white. There are many exposures of the 
weathered rock, in the form of crags, 
all over the hill and on the slopes; 
but by far the freshest rock is to be 
seen in a small road-metal quarry im- 
mediately north-west of Lambstone 
Farm. 

The mass has an estimated thickness 
of several hundred feet. From the 
microscopic characters of this rock, the 
absence of flow-structure, its massive 
jointed appearance, and the seeming 
induration of some of the surrounding 
sediments, we conclude that it is of 
intrusive nature. 


(4) Detailed Petrography. 
1. The Coomb Rocks. 


(a) The Lower and Upper Ande- 
sites of the Eastern Side of 
the Dingle. 


As there are no petrographical dif- 
ferences to distinguish the rocks which 
occur above and below the rhyolites on 
the eastern side of the Coomb Dingle, 


they may be conveniently considered 
together, 


i) The Flows.—Specimens were 
collected and slices cut from well-marked 
flows—one [KE 4137-38-39] 90 yards 
south of the lower limit of the rhyolites, 
and another [E 4140] 25 yards south 
of the eastern tributary stream which 
flows into the dingle at Llwyn-celyn. 
In hand-specimens they are seen to 
consist of coarsely-vesicular rocks of a 
bluish-green colour, weathering brown. 


* The numerals in square brackets through- 
out this paper refer to the registered numbers of 
the slides in the Geological Survey-Collection. 


Vol.62.] IGNEOUS AND SEDIMENTARY ROCKS OF LLANGYNOG. 239 


The vesicles are filled with a soft mineral, which appears darker 
than the surrounding rock. These highly-vesicular flows have a 
mean specific gravity of 2°70. 

Under the microscope the rocks are seen to be vesicular hyalopilitic 
andesites, with soda-lime felspar abundantly developed and occur- 
ring in two generations. The felspar of the first generation builds 
lath-shaped crystals, unzoned, but usually twinned according to 
the Carlsbad and albite-laws. Pericline-twinning is not common, 
but interpenetration-twins and stellate groups are of frequent 
occurrence. The felspars are; as a rule, fairly fresh; but occasionally 
they show a development of secondary quartz, pale-green chlorite, 
and dusty material of a micaceous character. The series of low 
symmetrical extinctions on the twin lamelle, and on sections at 
right-angles to the acute bisectrix, would indicate that the majority 
of these felspars lie in composition between oligoclase and andesine. 
The second generation of felspars consists essentially of microliths 
with low or almost straight extinction, indicative of oligoclase, 
arranged in bunches and fan-like aggregates which make up the 
bulk of the groundmass of the rock, and cause it to present almost 
a variolitic appearance. 

No original ferromagnesian mineral in the unaltered state now 
exists in these rocks, but undoubted pseudomorphs after augite 
occur plentifully, showing the external form in many cases (see 
Pl. XXV, fig. 1). The interior of these pseudomorphs 1s composed 
of a mosaic of secondary quartz and chlorite. Felspar-laths may 
be seen to penetrate the augite, and we therefore infer that the 
ferromagnesian mineral was of a later consolidation than the first 
generation of felspars. 

The vesicles, which range up to ‘2 inch in diameter, are either 
spherical or irregular in shape, and are filled with fibrous chlorite- 
minerals in radiating masses, either alone or with a little calcite 
or secondary quartz. Many of the larger vesicles are lined with a 
thin laver of secondary quartz, ‘02 to ‘04 mm. thick. The ground- 
mass, although largely composed of felspar-microliths, contained a 
small quantity of interstitial glass, now more or less completely 
devitrified and clouded with iron-ores. The chlorites filling the 
vesicles are of two varieties: the commonest is pale-green, feebly 
pleochroic, building fibrous and (less frequently) scaly aggregates. 
The zone of elongation of the fibres has a positive sign, and the 
mineral has a low double refraction (y — « = ‘005). 

The other mineral, which is sometimes intergrown with the 
former, has a deeper colour and stronger pleochroism, but occurs in 
fibrous aggregates. The maximum absorption is for light vibrating 
parallel to the length of the fibres, of which the zone of elongation is 
positive. For light vibrating parallel to the long axis of the fibres, 
the absorption gives a yellowish-brown, and for a direction at 
right-angles thereto yellowish-green. Ina slide a little more than 
-03 mm. thick, the mineral gives the yellow and red polarization- 
tints of the first order, which would indicate a birefringence of 
from ‘014 to°015. From the foregoing considerations, we are led 
to regard the mineral as one of those to which the name delessite 
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has been applied, more or less common in the amygdules of ancient 
rocks which carry ferromagnesian minerals. 


Another variety of andesitic rock [E 4439] was observed to form 
a thin band, only 8 feet thick. It is of a dark-green colour and 
fine-grained texture, and occurs in the upper andesitic series 
80 yards north of Llwyn-celyn. This rock has a specific gravity 
of 2°65. Under the microscope, it is seen to consist almost 
entirely of a mass of minute lath-shaped felspars and microliths, 
with little or no interstitial material, while porphyritic crystals of 
any kind are practically absent. 

Augite probably existed as granules, and its presence may be 
inferred from the small chloritic grains which occur between the 
felspars. The felspars are twinned usually but once, although 
occasionally they show albite-lamellation. The symmetrical ex- 
tinctions range from 0° to 5° on either side of the twin-plane, 
indicating oligloclase as the species to which the felspars belong, 
and showing that these microliths correspond more or less exactly 
with those occurring in the more coarsely-crystalline andesites 
described above. This rock may be said to have a typical pilotaxitic 
structure (Pl. XXYV, fig. 2). It is but feebly vesicular, for a very 
few small vesicles occur, which are filled in the usual manner with 
pale-green chlorite in fibrous aggregates. The felspar-microliths show 
an arrangement that roughly approximates to parallelism, indicating 
in a measure the direction of flow, but many of the crystals are 
curved or broken; and from this, taken in conjunction with the 
comparative irregularity of their arrangement, it would appear that 
the rock must have been in a fairly-viscous condition immediately 
prior to its consolidation. Only a very few crystals of a porphyritic 
character occur, and the biggest, an oligoclase-andesine felspar, 
measured ‘7 by ‘5 mm. ‘The felspars were partly decomposed, with 
the formation of epidote. 


A specimen taken from the surface of a flow in the lower 
andesites, at a point a little below the rhyolites, proved to be a 
fluxion-breccia. The rock is made up entirely of andesitic 
material, mostly pumiceous, with a flow-structure developed between 
the fragments. These fragments are identical, in every respect, 
with those occurring in the pumiceous tuffs described on p. 241. 


(i) The Fragmental Rocks.—The fragmental rocks of ande- 
sitic character are largely in excess of the flows, and usually are 
fine-grained, well-banded rocks of a buff to yellowish-green colour, 
Many samples were collected from the lower and upper andesites : 
under the microscope they were seen to consist of alternating 
coarser and finer bands of sedimentary material, and to be composed 
of angular grains and fragments of quartz and felspars. The larger 
fragments are set in a finer matrix of felspar-microliths and broken 
felspar-crystals. 
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There is little doubt that, in these rocks, there is a considerable 
proportion of clastic material, and it is uncertain whether they should 
be classed as true ashes rather than as ashy sediments. 

The pumiceous tuffs are not of any great thickness, when 
compared with the banded rocks described above, but they occur, 
and present exactly similar characters, in both the lower and the 
upper andesitic series. They consist of lapilli of pumiceous and 
hyalopilitic andesite, of which the vesicles are filled with a pale- 
green chlorite (Pl. XXVI, fig. 1). The fragments are set in a 
fine-grained matrix, made up almost entirely of broken felspar-laths 
and microliths, with a certain amount of chlorite and a few clastic 
quartz-grains. The felspars in the lapilli are usually all oligoclase- 
microliths ; but occasionally some of the larger fragments may 
contain small lath-shaped crystals of a slightly more basic variety. 


(b) The Rhyolites on the Eastern Side 
of the Dingle. 


The rhyolites on the eastern side of the dingle are pale, highly- 
silicified rocks. They present both perlitic and spherulitic struc- 
tures. A specimen collected from a small quarry above the 
main road [EK 4143] proved to be a beautifully-spherulitic rhyolite 
(Pl. XXIV, fig. 1). The few phenocrysts that occur are felspars of 
the albite-anorthite series ; they are twinned according to the 
Carlsbad and albite-laws, and give low symmetrical extinctions 
indicative of a fairly-acid oligoclase. Subordinate orthoclase also 
occurs. These phenocrysts range up to 1°3 mm. in length, and are 
set in a groundmass which was once glassy but is now completely 
devitrified. The matrix consists of cryptocrystalline quartz and , 
felspar, but in parts of the slide traces of the original flow-lines and 
a perlitic structure may still be made out. 

The spherules, which are abundant, and are often observed to 
coalesce, average 0°4 mm. in diameter; they are well-bounded, and 
in ordinary light appear more transparent than the rest of the rock. 
They are composed of radiating and branching felspar-fibres, of 
which the zone of elongation has a negative sign, and giving 
practically-straight extinction. Between crossed nicols the spheru- 
lites show a well-defined cross at the centre, which becomes blurred 
and indistinct outwards towards the margin, owing to the branching 
and change of direction of the felspar-fibres. 

It appears that these spherulites are a direct result of the 
devitrification of the rock, as they occur as the nuclei of the perlitic 
structure. A very few minute patches of fibrous brightly-polarizing 
chlorite (p. 239) occur in the groundmass, and may perhaps 
represent vesicles; while others, of a chlorite with lower bi- 
refringence, may possibly represent some ferromagnesian mineral, 


(c) The Rhyolitic Breccia. 


This rock seems to be a true fluxion-breccia, and consists of 
fragments of perlitic and spherulitic rhyolites set in a matrix of 
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similar material, which occasionally shows a well-defined flow- 
structure. 

A section cut from one of the larger fragments showed it to be a 
devitrified patchy rhyolite [E 4144], with a pseudospherulitic 
structure. The phenocrysts consist of oligoclase and oligoclase- 
andesine felspars, both considerably decomposed, set in a felsitic 
groundmass which has suffered more or less complete recrystal- 
lization both of the felspar and the silica. The secondary felspar is 
usually clear and granular, but the slide also shows one fairly- 
large spherule. 

Another section [E 4146] shows a devitrified perlitic rhyolite, 
with included fragments of a hyalopilitic andesite caught up in it 
and seemingly in part absorbed. ‘The rhyolite has a well-marked 
flow-structure in places, and locally becomes perlitic, or less 
frequently spherulitic. The fragments of andesite consist of masses 
of felspar-microliths with some interstitial material, while the 
rhyolite often exhibits good flow-structure around these xenoliths. 

Two sections [E 4438 & 4443] cut from the rhyolitic breccia at 
the point where it crosses the road, show patches of rhyolite with 
perlitic structure. This structure occurs chiefly in those patches 
which have either escaped devitrification, or in which the recon- 
struction has proceeded to no great extent. The still glassy part of 
these rhyolite-fragments is usually stained a pale-yellow colour, and 
may be distinguished by this character in the hand-specimen. A 
good example of a perlitic fragment from this breccia [E 4443, 
specific gravity 2°69] is figured in Pl. XXIV, fig. 2. 


(d) The Rhyolites of Castell Cogan. 


These rhyolites are similar in many respects to those on the 
eastern side of the dingle, both in the hand-specimen and under the 
microscope. They have a mean specific gravity of 2°54. 

Slices cut from several localities [E 4140, 4141, 4159] showed 
almost entirely-devitrified rocks, in which little or no trace of 
original structures could be identified. The phenocrysts, which are 
by no means common, consist of fairly-large felspars, measuring as 
much as 38 mm. in length, all but completely converted into sericitic 
decomposition-products. They show traces of Carlsbad twinning, 
and the crystals apparently have the sanidine-habit. 

Well-formed quartz-crystals (‘3 mm. in length) occur: these are 
in all probability of secondary origin, although they are surrounded 
by a zone of cryptocrystalline material, which seems to pass 
gradually into their peripheries. 

The groundmass is completely devitrified in all cases, and usually 
has a cryptocrystalline character; occasionally, however, it becomes 
somewhat coarse, and presents a patchy appearance, due to the — 
secondary crystallization of both the felspar andthe quartz. Generally 
speaking, no other structures are present; but occasionally it is 


possible to make out the original flow-lines, and in places the rocks 
become spherulitic. 
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The best example of a spherulitic rock collected from this series 
of rhyolites was taken from the road-section close to, and a little 
Bone of, the junction of the rhyolites with the Pentre-newydd 

labase. 


(¢) The Andesites on the Western Side 
of the Dingle. 


_ The andesites on the western side of Coomb Dingle may be 
divided into two groups, one consisting of augite-andesites, and 
the other of hornblende-andesites. 


The group of augite-andesites, both as regards the flows and 
the fragmental rocks, is petrographically identical with the upper 
and lower andesitic series on the eastern side of the dingle, already 
described (pp. 238 et seqq.). 

A rock exposed in the road, 320 yards west-south-west of Tre- 
hyrn [E 4151), is seen to be a coarse tuff, made up largely of frag- 
ments of vesicular hyalopilitic andesites and pumice: a rock identical 
in character with those from the eastern side of the dingle. But an 
interesting and important feature of this tuff is, that it contains, in 
addition to the usual material, fragments of a devitrified rhyolite. 
These rhyolitic fragments mostly present a patchy appearance, such 
as is quite common in the rocks of Castell Cogan ; while some consist 
solely of eryptocrystalline felspar and quartz, without any definite 
arrangement. 


The hornblende-andesite is a pale-grey rock which weathers 
almost white, and is thus hard to distinguish in the hand-specimen 
from some of the rhyolites. It has a mean specific gravity of 2°66. 
Sections cut from the least-weathered portions of the flows [E 4153, 
4156], which form the crags above the stream, show that the rocks 
are considerably decomposed. Under the microscope, they are seen 
to consist of phenocrysts of felspar set in a fine-grained felspathic 
matrix. 

The phenocrysts include well-formed plagioclase-felspars, belonging 
to the oligoclase and oligoclase-andesine varieties, which are usually 
twinned according to the Carlsbad and albite-laws. In contra- 
distinction to the augite-andesites described on p. 239, interpene- 
tration-twins and stellate groups are uncommon. 

The presence of hornblende is inferred from strongly doubly- 
refracting pseudomorphs, in an indeterminable micaceous mineral. 
These pseudomorphs (‘8 mm. in length) have the external form of 
hornblende, and show a corrosion-border of pale-green chlorite and 
dusky iron-ores. The groundmass consists of a felted mass of 
felspar-microliths, which give almost straight extinction, and are 
evidently of more acid composition than the phenocrysts. The 
matrix is, however, considerably decomposed, and has given rise to 
sericitic alteration-products and secondary quartz. 

The rock, as a whole, does not seem to have been vesicular; but 
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an indistinct flow-structure may be traced in the groundmass, 
especially around some of the larger phenocrysts. 


(f) The Diabase of Tre-hyrn. 


Specimens [E 4131] of this rock collected from well inside the 
mass, show a moderately-fresh diabase, of a dark-green colour, in 
which the constituent minerals are visible to the unaided eye. 
Under the microscope, it is seen to be coarsely ophitic, and shows 
large crystals of an almost colourless augite enclosing, and penetrated 
by, felspar-laths with low symmetrical extinction-angles. The 
felspars are seemingly of a composition intermediate between 
oliguclase and andesine, and similar to those of the first generation 
in the augite-andesites. 

The augite is in general partly decomposed, especially along 
the cleavages, giving rise to chlorite, serpentinous material, and 
calcite, which minerals also form irregular patches in other parts of 
the rock. The felspars are clouded, and partly decomposed with 
the formation of epidote, or calcite and secondary quartz. (See 
Pl. XXVI, fig. 2.) Beautiful skeleton-crystals of ilmenite occur 
irregularly distributed through the rock, and, owing to their partial 
decomposition into leucoxene, they appear of a dirty-white colour 
when viewed by reflected light. 


Other specimens [E 4129] nearer the margin of the intrusion 
show an almost complete absence of ophitic structure. In these the 
augite seems to be of two generations: the first building fairly-large 
idiomorphic crystals, and the second occurring as granules in the 
groundmass. ‘The felspars are the same as in the other part of the 
rock, and are clouded by decomposition-products, while the larger 
crystals are considerably epidotized. 


The diabase of Tre-hyrn has a distinct tendency, when traced 
towards its margin, to pass from the ophitic to the granular type, as 
is so often the case with intrusions of this character; while, in 
hand-specimens, the rock becomes quite fine-grained, and is then hard 
to distinguish from the fine-grained pyroclastic rocks belonging to 
the andesitic series into which it is intruded. 


(g) The Diabase of Pentre-newydd. 


This rock undoubtedly consolidated as an ophitic diabase, but 
now the original ferromagnesian mineral has disappeared, and its 
place has been taken by much calcite, dusty iron-ores, serpentine, 
and chlorite. The felspars appear to be oligoclase-andesine, and, so 
far as their decomposed state will allow us to judge, compare in 
composition with those in the Tre-hyrn rock. 

The pseudomorphs after the ferromagnesian mineral, which 
consist largely of calcite, with a development of leucoxene along the 
traces of the cleavages, are clearly ophitic in character; but the 
cleavages are those of an amphibole, and not of a monoclinic 
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pyroxene. Therefore, we are led to infer that at some period in its 
history this rock was more or less completely uralitized. 

In its intrusion it has included a thin lenticular mass of grits and 
shales; the grit consists of closely-packed subangular grains of 
quartz, felspar, and fine sediments, with a small quantity of 
interstitial chlorite and iron-ores. 


2. The Rocks at Capel Bethesda. 


(a) The rhyolites of Capel Bethesda are almost identical in 
character with those of Coomb, especially those on the eastern side 
of Coomb Dingle (p. 241), and have a mean specific gravity of 2°64. 
The spherulitic type is the more common, although the section in 
the road opposite the Chapel has yielded a rock poor in phenocrysts, 
the groundmass of which presents that patchy appearance that 
was noticed in some of the rocks from the Castell-Cogan area 
(p. 242). 

The small patch of conglomerate which rests upon these rocks 
is largely made up of partly-rounded masses of the underlying 
material. Many of these pebbles were collected, and several sections 
cut from them. They showed, in most cases, marked spherulitic 
structures : the spherulites in ordinary light standing out in contrast 
with the groundmass, on account of their being slightly stained by 
oxides of iron. Under crossed nicols they present exactly similar 
characters to the spherulites from Coomb. 

(8) The Diabase north of Pen-gelli-uchaf.—tThis rock 
is so rotten, even at its best exposure, that little can be said with 
regard to its original composition, except that it was at one time a 
diabase, and probably preserved an ophitic structure. 

Now it consists entirely of almost completely-decomposed felspar- 
laths, together with chloritic and serpentinous minerals resulting 
from the decomposition of the original ferromagnesian mineral, 
while much calcite is developed in patches and veins. A sufficient 
number of felspars have portions left such as to make determination 
possible, and these are seen to be identical in composition with those 
in the diabase of Tre-hyrn. 

The chlorites include the two varieties mentioned in connection 
with the andesites of Coomb (p. 239). 


3. The Lambstone Porphyry. 


The rock: at Lambstone, Llangynog, is of a light greyish-blue 
colour, very tough, and has a specific gravity of 2°68. ‘There is no 
sign of bedding, but two sets of rough joints may be noticed 
traversing the mass approximately at right-angles to each other. 

Under the microscope, the rock is seen to be considerably de- 
composed, but it is still fresh enough to reveal its true character. 
The constituent minerals are fairly-large idiomorphic plagioclase- 
felspar and smaller orthoclase, with minute but well-shaped cry- 
stals of hornblende, set. in a fine felsitic groundmass without any 
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Fig. 5.— Generalized section across the Llangynog district, from north-north-west to south-south-cast. 
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well-defined structure. 
Some augite was pro- 
bably also present. 
The felspar - pheno - 
crysts consist of acid 
oligoclase, twinned ac- 
cording to the albite 
and Carlsbad laws, 
and ~~ giving the 
characteristic low 
maximum extinction- 
angles measured onto 
the twin lamelle. 
The orthoclase is most 
usually untwinned. 
Both felspars are more 
or less decomposed, 
giving rise to secon- 
dary quartz and serl- 
citic material. 

The hornblende no 
longer exists as such, 
but is represented by 
pseudomorphs in pale- 
green chlorite with a 
low double-refraction. 
These pseudomorphs 
are beautifully shaped, 
having the angles and 
cleavages of the ori- 
ginal mineral well- 
preserved. The clea- 
vages are often marked 
by little strings of iron- 
ores, aS also in many 
cases is the border of 
the crystal. 


VY. Srroucrurs, Forp- 
ING, AND FavLrine 
oF tHE District. 


The structure of the 
district is one of great 
complexity, and there 
are many of the pro- 
blems that it has pre- 
sented that we do not 
pretend to havesolved ; 
some few salient 
points, however, may 
be regarded as certain. 

The general struc- 
ture of the district is 
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referable to two complicated anticlines ranging about east-north- 
east and west-south-west. Both anticlines are overfolded from the 
north, their southern limbs being inverted. They are separated 
one from the other by a thrust of steep dip, hading northwards 
and cutting out the intervening syncline. 

These anticlines appear to owe their origin to a system of pre- 
Old-Red folding, but it is evident that they have been further 
complicated by a series of folds and faults which have affected the 
Old Red Sandstone. 

The axis of the northern anticline’ lies beyond the northern 
limit of the map (Pl. XXIII), and ranges along the low ground at 
Llanllwch, traversed by the Great Western Railway west of Caer- 
marthen, the oldest beds exposed being Vetragraptus-shales. Its 
southern limb is represented by the inverted belt of Didymograptus- 
bifidus Beds ranging east and west of Cwm Crymlyn. 

The axis of the southern anticline has the same general direction, 
and ranges through the grit-masses of Llangynog, but has suffered 
much fracture and displacement by later disturbances, largely 
determined by the differential movement between the grits and the 
shales. Its northern limb dips normally towards the north, but its 
southern limb is generally vertical or inverted. 

The core of this southern anticline consists of the pebbly grits of 
Llangynog, which we correlate with similar grits that form the 
core of an anticline of like structure at Bolahaul and Cystanog, 
south-east of Caermarthen. 


A glance at the map (Pl. XXIIT) shows that most of the faults 
have a general west-south-westerly trend. They frequently throw 
off branches, which enclose lenticular strips of ground and unite 
again with the original line of fault. Although the faults shown 
are numerous, it is more than likely that others remain undetected. 
Whether the faults are normal faults or overthrusts is frequently 
unknown, but in many cases there is ground for supposing them to 
be thrusts. 


That much of the folding and faulting was accomplished before 
the Lower Old Red Sandstone was deposited, is proved by the 
striking unconforniity at the base of that formation. Thus: a mile 
north-east of Rhyd-lydan it rests on Tremadoc Beds; at Ffynnon-wen 
and Moelfre it overlies the Yetragraptus-shales ; at Coomb and 
Castell Cogan it can be seen crossing the various igneous rocks of 
the Coomb complex, and its basement-beds are made up largely of 
detritus from the igneous rocks around which it wraps. South of 
Pentre-newydd it can be seen resting on the Didymograptus-bifidus 
shales, while a little farther to the south-west it spreads over the 
Bala Beds of Llandeilo-Abercowin. 

Neither the fault which separates the rhyolites of Castell Cogan 
from the Didymograptus-bifidus Beds, nor that which a little farther 


1 «Summary of Progress of the Geological Survey for 1904? Mem, Geol. 
Sury. 1905, p. 47. 
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west separates the latter from the Bala Beds (Dicranograptus-Shales 
and Bala Limestone), affects the base of the Old Red Sandstone ; 
these faults are probably both normal faults. Other faults, how- 
ever, clearly involve the Old Red Sandstone, as, for instance, those 
which bound the basal green beds east of Moelfre, and that which 
separates the same beds at Coomb from the J'etragraptus-Beds of 
Llangynog Church. 


VI. Sravencr anp AcE or tHE IenEous Rocks. 


On the eastern side of Coomb Dingle the sequence is quite clear, 
and may be made out with ease. The oldest rocks exposed are those 
forming the southern mass of augite-andesites and their associated 
fragmental rocks; next in succession follows a series of perlitic and 
spherulitic rhyolites, of which the uppermost member is a rhyolitic 
fluxion-breccia of some importance. This breccia in turn was. 
followed by another set of augite-andesites, exactly similar to those 
below the rhyolites. 

It is a misfortune that the relations of the rocks on the two sides 
of Coomb Dingle are so obscure, for not only is there a discrepancy 
between the two sides, but the andesites on the west are themselves 
probably faulted off from the rhyolites of Castell Cogan. However, 
these andesites contain fragments of devitrified rhyolite, and it is 
highly probable that they were extruded later than the rhyolites. 

Although there are some slight differences to be observed between 
the rhyolites on the east and those on the west of Coomb Dingle, 
we think that there is sufficient similarity in composition and mode 
of occurrence to warrant us in considering them as marking one 
geological horizon. 

With the exception of the occurrence of a small thickness of 
hornblende-andesite (probably of extrusive origin) in the lower 
part of the western andesitic series, these rocks are identical in 
lithological characters and composition with those of the upper 
andesitic series on the eastern side of the dingle. As no hornblende- 
andesite has. been met with on the eastern side, we suspect that the 
augite-andesite to the north of Castell Cogan may be the highest 
member of the series. 

We therefore suggest that the sequence was, first, augite- 
andesites followed by rhyolites, and then another series of augite- 
andesites, which included a small outpouring of a hornblendic rock. 
The whole series was, at a later date, intruded into by diabase. 

There is not much evidence to prove that the igneous rocks of 
Coomb and those of Capel Bethesda are on the same horizon, 
excepting perhaps their close proximity and the evident lithological 
similarity which exists between the rocks of the two areas. The 
rhyolites of Coomb and those of Bethesda are identical in character, — 
and both are presumably followed by intrusions of diabase : although 
the latter rock in the Bethesda area is so rotten, that it has been 
found almost impossible to compare it with that of Tre-hyrn or 
Pentre-newydd. 
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One of the most difficult problems that confronts us is that which 
concerns the age of the extrusive and intrusive rocks of the district 
asa whole. There is, however, as we have seen, little doubt that 
the whole series of extrusive rocks as developed at Coomb and 
Bethesda may be referred to one geological horizon. The mapping of 
surrounding districts in South Wales has shown us that, in the 
Ordovician System, we might expect to meet with volcanic rocks 
on any of three horizons: (a) near the top of the zone of Didymo- 
graptus Murchisont ; (6) near the base of the zone of D. bifidus ; or 
(c) low down in the Arénig Series ; for, at all these horizons, well- 
developed ash-beds have been noticed. 

At Llangynog the first two cases may be dismissed as impossible, 
for the quantity of ashy material is much greater on the north side 
of the main anticline, while Llangynog is on the south side, where 
the Didymograptus-Murchisont ash is not developed, and the 
D.-bifidus ash is represented by sandstones and grits. 

We are, therefore, led to the conclusion that the igneous 
rocks may belong to the lower part of the Arenig Group, 
or, failing that, to some much older group of rocks of which no 
sediments exist within the district. 

East of Llangynog, in the neighbourhood of Caermarthen, there 
seems to be perfect conformity between the Tremadoc rocks with 
Peltura punctata (Crosfield & Skeat) and the Arenig Series, of which 
the lowest part consists largely of conglomeratic grits and sandstones. 
These conglomeratic grits are those which are again brought up by 
an anticlinal fold in the neighbourhood of Llangynog. It is 
improbable, although not impossible, that the Tremadoc rocks should 
have been overlapped, and so great an unconformity developed at the 
base of the Arenig Group within a few miles: which would be the 
case, if the igneous rocks were of pre-Arenig age. It is a significant 
fact that the igneous masses, on one side or the other, are always 
bounded by a member of the oldest Arenig sediments, and it seems 
that the bulk of the evidence points to the age of the extrusive 
rocks being that of a low horizon in the Lower Arenig Group. 


With regard to the intrusive masses, it is obvious, at Coomb, that 
they are newer than the other igneous rocks; while at Lambstone, 
Bethesda, and Pentre-newydd, it may be proved that they were 
intruded after a certain portion of the Lower Arenig beds had been 
deposited. 


VII. Summary. 


To sum up: we find that the older sedimentary rocks of the 
neighbourhood of Llangynog are referable to the Didymograptus- 
bifidus Beds and Yetragraptus-Beds of the Arenig Series. They 
take the form of two main anticlines due to pre-Old Red Sandstone 
folding, and are unconformably overlain by Lower Old Red Sandstone. 
The whole sedimentary series has been subsequently affected by 
folding and faulting, which took much the same direction. 

The igneous rocks occur in three areas, which all belong to 
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the same petrographical province.. The order of extrusion was: 
(1) augite-andesites ; (2) rhyolites; (3) augite-andesites, with some 
hornblende-andesite ; and (4) intrusions of diabase and porphyry. 

We adopt the view that the extrusive rocks are associated with 
the lower members of the Vetragraptus-Beds, and are consequently 
of Lower Arenig age; while the intrusive rocks have been injected 
into the extrusive rocks, and have also affected the Tetragraptus- 
' Beds. 


EXPLANATION OF PLATES XXIII-XXVI. 
Puare XXIII. 


Geological map of the igneous and associated rocks of the Llangynog 
district, on the seale of 3 inches to the mile. 


Puats XXIV. 


Fig. 1. Devitrified spherulitic rhyolite [EZ 4143]; crossed nicols. Some of the 
spherulites show a rude black cross. X 17. See p. 241. 
2, Partly-devitrified perlite [EH 4443]; ordinary light. x17. See p. 242. 


Puatr XXY. 


Fig. 1. Vesicular augitic andesite [E 4138]; ordinary light. x 17. The 
figure shows lath-shaped felspars, set in a groundmass that exhibits a 
structure approaching the variolitic. At the top of the field is a small 
vesicle filled with chlorite, and at the bottom a pseudomorph after 
augite in chlorite and secondary quartz. The chlorite shows slightly 
darker than the quartz. See p. 239. 

2. Pilotaxitic andesite [EH 4439]; ordinary light. The figure shows a 
mass of felspar-microliths, and a solitary felspar of an earlier 
generation at the top of the field. x 30. See p. 240. 


Prats XXVI. 


Fig. 1. Andesitic tuff [E 4163]; ordinary light. The figure shows several 
angular fragments of hyalopilitic andesite, with minute microliths 
arranged with flow-structure. At the bottom of the field is a larger 
fragment of andesitic pumice, the vesicles of which are filled with 
chlorite. The larger fragments are set in a fine groundmass of 
broken felspar-crystals and microliths. X17. See p. 241. 

2. Ophitic diabase [E 4131]; crossed nicols. Shows ophitic augite and 
partly-decomposed felspars. Xx 17. See p. 244. 


Discussion. 


The Prestprnt said that he was glad to find that the Authors 
had obtained definite evidence of two distinct sets of movements— 
the one before, the other after, the deposition of the Old Red Sand- 
stone. He himself, when working with the late Mr. Thomas Roberts 
in the Haverfordwest district, had been unable to obtain evidence 
bearing on this question, owing to the profound faulting which had 
there occurred. 

Prof. Groom said that geologists would heartily welcome another 
incursion into the obscure geology of the Welsh borderland. 
Knowing the ground himself, he was convinced of the accuracy 
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of the Authors’ work. In regard, however, to the sandstone with a 
conglomeratic base unconformably overlying the Ordovician Series, 
described by the Authors as Old Red Sandstone, he was impressed, 
when he visited the district, with the idea that it was possibly of 
Downtonian age. The speaker described a set of beds much 
resembling Old Red Sandstone, but enclosing marine Downtonian 
fossils, from the neighbourhood of Llangadock. Remembering that 
these beds thinned out, changed colour, and became less fossiliferous 
as they were traced towards the area dealt with by the Authors, it 
seemed quite possible that the grey sandstones which they described 
might represent Downtonian deposits that had overlapped the under- 
lying Silurian, and he would like to ask whether the Authors could 
give satisfactory proof that this was not the case. 

Mr. J. VY. Exspen said that he had taken particular interest in 
the igneous rocks described by the Authors, who had suggested a 
possible resemblance between the Lambstone porphyry and the 
lime-bostonites and oligoclase-porphyrites occurring farther north, 
in Pembrokeshire. So far as he could judge, the Lambstone- 
rock differed chiefly in having a less felspathic groundmass; but 
only a chemical analysis could determine the question satisfactorily. 
The alternations of andesites and rhyolites, mentioned in the paper, 
were especially interesting, and suggested the possibility of the 
Lambstone intrusion representing part of a later dyke-phase of the 
same volcanic sequence. A similar explanation was also possible 
in Pembrokeshire, where the speaker had shown reasons for assign- 
ing the lime-bostonites to an earlier period than the diabase- 
intrusions. The absence of rhombic pyroxenes from the Llangynog 
diabases was significant, in view of their great abundance in the 
St. David’s-Head district. 

Mr. W. G. Frarysipns congratulated the Authors upon their 
additions to our knowledge of the Ordovician rocks of South Wales. 
He enquired whether the igneous series described would fall within 
the zones of Didymograptus extensus and D. hirundo, remarking 
that in Southern Merionethshire Ramsay had observed very similar 
rocks within what would now appear to be the limits of these zones. 
He was glad to hear of one more district wherein later igneous 
intrusions are practically confined to the immediate neighbourhood 
of the rigid masses of the earlier volcanic outpourings. 

Mr. Canrrizt pointed out that the mapping of the Llangynog and 
adjacent districts clearly establishes the fact that there have been 
at least two periods of movement along the same general east-north- 
east and west-south-west lines. That the first antedates the Lower 
Old Red Sandstone is proved by the manner in which that formation 
crosses the outcrops of various members of the Cambrian and Ordo- 
vician systems and of the igneous rocks of Coomb. A subsequent 
movement is equally clearly later than the Old Red Sandstone, for 
that formation is not only much folded, but is faulted deeply 
between some of the Ordoyician subdivisions. 

That the green beds at the base of the Old Red Sandstone cannot 
be assigned to the Downtonian seems clear from the existence of 
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the great break at their base, and from the fact that they consist 
of marls, sandstones, and cornstones, indistinguishable except in 
colour from the lower part of the Old Red Sandstone; moreover, 
they pass by alternation upwards into the ordinary red marls. 
Finally, they are unfossiliferous, and, until they yield a Silurian 
fauna, they can be regarded only as the basement-beds of the Old 
Red Sandstone. 

In reply to Mr. Fearnsides, he considered that the Tetragraptus- 
Beds should be taken to include the zones of Didymograptus hirundo 
and D. extensus ; but in the Llangynog district the lower beds cease 
to yield graptolites, and therefore may belong to the D.-evtensus 
Zone or to a lower horizon of the Arenig. 

Mr. T'nomas, after thanking the President and Fellows for their 
kind reception of the paper, said that he was in perfect agreement 
with the remarks made by Mr. Cantrill. In reply to Mr. Elsden, 
he said that it was quite possible that the two types of intrusive 
rocks (diabase and porphyry) might be the dyke-equivalents of the 
andesite and the rhyolite respectively ; with regard to the occurrence 
of rhombic pyroxenes in the diabases or andesites, careful search 
had failed to reveal any pseudomorphs after these minerals. 
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12. The Bourtermere and Exnervate Granopoyre. By Roserr 
Heron Rasrarr, M.A., F.G.S., Fellow of Christ’s College, 
Cambridge. (Read January 24th, 1906.) 
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I. Inrropvcrion. 


In the western part of the English Lake-District there occurs a 
large development of igneous rocks, which are conveniently described, 
collectively, as the Buttermere and Ennerdale Granophyre. 
This group extends for nearly 10 miles from north to south, and 
for nearly 5 miles from east to west. In this large area are to be 
found several different rock-types, which present many features of 
interest; and, at the suggestion of Dr. J. E. Marr, F.R.S., I have 
undertaken the investigation of the phenomena shown in this 
district. 

The first and only detailed description of this rock-mass was 
given by Clifton Ward * nearly 30 years ago; and the subject has 
apparently never been touched as a whole by modern methods, 
although Mr. Alfred Harker * has published a short description of 
some specimens from the Wastwater district. 


Il. Frecp-Retartons. 


The map (fig. 1, p. 254) shows that the exposure of this group of 
rocks is very irregular in form: to the west of Buttermere is a some- 
what lenticular mass about 24 miles long by nearly a mile wide, 
forming the lower part of High Stile, and the main mass of Red Pike 
and Gale Fell. The southern boundary of this intrusion cuts across 
the summit of Red Pike; and there is a strong contrast between 
the rugged crags of High Stile, formed of volcanic rocks of the 
Borrowdale Series, and the smooth outlines given by the intrusive 
rocks of Red Pike. This intrusion is connected with a muck 
larger mass to the south by a narrow neck on Little Dodd; and 
this neck is very conspicuous even from a distance, by reason 
of the weathering-out of blocks of granophyre, contrasted with the 
peat-covered Skiddaw Slates and Borrowdale yolcanic rocks on the 
west and east respectively. 

1 Quart. Journ. Geol. Soc. vol. xxxii (1876) p. 14; also ‘Geology of the 


Northern Part of the English Lake-District’ Mem. Geol. Sury, 1876, p. 31. 
2 ‘Notes on North of Wngland Rocks’ in ‘The Naturalist’ 1889, p. 209. 
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Fig. 1.—Geological map of the district around Ennerdale Water, 
Buttermere, and Wastwater, on the scale of 2 miles to the inch. 
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_ The larger mass on the south is almost cut in two by the alluvium 
of the Ennerdale Valley; and it might be supposed that this valley 
was determined by a strip of softer rock between two intrusions: 
but I have examined all the lowest accessible points in the floor of 
the valley, and everywhere found granophyre in situ. I have no 
doubt, therefore, that the intrusion is perfectly continuous; and the 
detailed mapping at the western extremity certainly suggests that 
the true form of the intrusion is shown by simply joining up the 
boundary-lines on each side of the lake. It is probable that 
Ennerdale is a line of weakness on a large seale, which is due 
to subsequent earth-movement. There is a great fault running in 
a north-north-westerly direction, from the head of Smithy Beck 
towards Floutern Tarn, which shifts the outcrop more than a mile 
to the north-west, and this helps to make the outline appear more 
complicated. 

The western boundary is fairly simple to the south of Ennerdale 
Water. It runs in a sinuous manner, with a general southerly 
direction, for some distance south of the Bleng Valley, and then it 
suddenly turns to the north-east. Throughout this whole distance 
of some 6 miles the line is very difficult to follow accurately, 
although easy enough to map approximately. The outcrop is 
occasionally shifted for a short distance by small faults, but no 
important dislocations seem to occur. 

Returning again to Ennerdale, a very fine junction-section can 
be seen in the bed of the River Liza, close to the new bridge below 
the Pillar mountain. Here the volcanic rocks have been much 
hardened and injected by veins of granophyre, and this hard band 
has given rise to a small gorge, which affords a fine exposure. 
The junction here appears to be very irregular. 

From High Beck westwards, the line of junction with the 
Borrowdale Series presents some interesting features. The faults 
indicated on the 1l-inch map seem to be non-existent; but, from 
a consideration of the outcrop of the line of junction in relation to 
the contour-lines, it is evident that the plane of separation between 
the Volcanic Series and the granophyre is here dipping north- 
westward, instead of south-eastward as usual. This dip is at a 
gentle angle, perhaps 5°; and the upper surface of the granophyre 
is nearly always brecciated along the plane of junction. Hence, it 
seems probable that there has been a certain amount of movement 
along this plane. 

On the billside west of Buckbarrow appears a small lenticular 
patch of similar rock, and south of this again comes a larger mass, 
occupying most of the low ground to the west of the foot of 
Wastwater. This mass is very badly exposed, especially round its 
margin, and was only mapped with great difficulty. 


As will appear from the petrographical descriptions which follow, 
this great series of intrusions is far from uniform, The great bulk 
of the rock is highly acid; but in many parts there are more basic 
modifications, which require separate description. ‘These basic modi- 
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fications are always marginal, and numerous traverses have failed 
to disclose any such in the inner parts of the large masses. 

On the whole, dykes are scarce. There are a few interesting 
examples in Burtness Combe, Buttermere, and a very complex 
system of dykes on Yewbarrow; but as the latter may, and 
probably do, belong to the Eskdale Granite, I have not attempted 
to describe them. 

The generalized strike of the Lower Paleozoic rocks of this 
part of the Lake District is nearly due north-east and south-west, 
with a south-easterly dip; on the western side the strike swings 
round more towards north and south, and the outcrop of the 
granophyre-mass closely follows this somewhat curved line. On the 
whole, the intrusion seems to be intimately connected with the plane 
of junction between the Skiddaw Slates and the succeeding Volcanic 
Series. It may be regarded as consisting of a series of laccolites, 
which are possibly, in part, of the ‘cedar-tree’ type. This applies 
especially to the southern part of the area, where it appears that 
the intrusion has penetrated into the Volcanic Series. The top 
of Illgill Head, east of Wastwater, consists of the base of the 
Scawfell Ashes; hence, the slope covered by the Wastwater Screes 
must be occupied by the ‘streaky’! series: therefore, unless there 
is an enormous fault down Wastwater, the top of the southern 
granophyre must be well up in the Volcanic Series. The base of 
the granophyre, near the head of Crummock Water, obviously rests 
upon the Skiddaw Slates: hence, it appears that the granophyre not 
only arches up the Volcanic Series, but penetrates into it as well. 

The peculiar form of the northern part of the exposure seems 
most easily explicable on the supposition of two laccolites: a 
small one on the north, connected with avery large one on the 
south of it by a narrow neck, which is exposed on Little Dodd. 
These two laccolites appear to be, on the whole, at the same 
horizon, namely, the plane of junction of the Skiddaw Slates and 
the Volcanic Series: this plane seems to have undergone a certain 
amount of warping, as the result of subsequent movements. 


The northern or Buttermere laccolite is of a somewhat lenticular 
shape: it is certainly truncated at its western end, but it appears 
to be bounded on this side by a line of disturbance, and it 
is possibly faulted. Near this north-western corner are a few 
lenticular patches of Skiddaw Slate resting upon the granophyre, and 
these suggest that the original outline of this mass was irregular, 
somewhat of the ‘ cedar-tree’ type. The eastern end of the lacco- 
lite is undoubtedly connected with the small igneous complex 
of Burtness Combe; and there is an isolated mass of granophyre in 
Burtness Wood, which probably forms an easterly continuation of 
the same mass. 

A series of specimens taken from this laccolite show interesting 
variations, Those from near the margin [4748-50, 4752]” are 

* E. E. Walker, Quart. Journ. Geol. Soc. vol. Ix (1904) p. 89. 


* Numbers in square brackets, throughout this paper, refer to slides in the 
collection of the Sedgwick Museum, Cambridge. 
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granitic in the usual sense (Pl. XXVII, figs. 1 & 2). A short 
distance from the margin [4751] granophyric structure begins to 
appear; specimens taken from the middle of the laccolite, as for 
example at the head of Near Ruddy Beck, are poorly-developed 
granophyres [4753]. 

On the hillside a few bundred yards west of Scale Force, the 
junction with the Skiddaw Slates is very well seen, and the 
metamorphism can be well studied here, Close to the intrusion 
the slate is altered to a very compact greenish hornstone, and the 
junction is absolutely sharp. The original bedding of the slate 
is well seen on weathered surfaces, but there is no trace of cleavage ; 
and it is quite clear that the intrusion of the igneous rock was 
anterior to the movements which produced the cleavage of the 
Skiddaw rocks. 

Along the northern side of this laccolite are a number of lines 
of disturbance, which have produced small tear-faults crossing 
the junction at right angles; these are made conspicuous by a 
great development of hematite, The fine waterfall of Scale Force, 
156 feet high, is determined by one of these; and the stream has 
here cut a very deep gorge along the line of weakness. 


The second mass is much larger, and the laccolitic form is not 
here so obvious ; it is probably concealed, to a certain extent, by 
incomplete denudation and faulting. In this case granophyric 
structure is carried to a very high degree of perfection. The 
margin of this intrusion is variable in character, sometimes 
granitic, more often coarsely graphic; and in some localities 
felsitic, as, for example,’in Revlin Crag, on the south side of 
Ennerdale Water, and at Silver Cove [4754], farther east. The 
farther we proceed from the margin the finer in texture and more 
complex is this micrographic or granophyric structure seen to 
become [4755]; see Pl. XXVIII, fig. 1. The best examples come 
from near the middle of the exposure, at Mart Knott, Stair Knott, 
and Sail Hills, south of the head of Ennerdale Water, and in the 
bed of Woundell Beck, close to its junction with the River Liza 
[4756-59]; see Pl. XXVIII, fig. 2. Here also the normal rock 
is traversed by fine-textured veins of an aplitic nature, which show 
no micrographic intergrowth at all, and are singularly poor in 
ferromagnesian minerals [4760-61]. They are presumably of 
later date than the rest. 

On the south-east side of this mass, on the flanks of Seatallan, is 
seen a considerable development of a rather more basic variety, 
characterized by the occurrence of needle-shaped crystals of ferro- 
magnesian mineral, often an inch long. 


In the smaller laccolites, in the Wastwater district, some in- 
teresting variations occur; and especially in the neighbourhood of 
Mecklin Wood, about a mile north-east of Santon Bridge, the whole 
intrusion becomes very complex, and some peculiar rock-types are 
found. These are the freshest rocks in the district, and their study 
has thrown much light on the more weathered examples from the 
northern part of the area. 
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III. PurrograruicaL DESCRIPTIONS. 


(a) The Normal Rock. 


The macroscopic appearance of an average specimen is that of a 
rather fine-textured granite, usually of a bright pink colour, but 
sometimes grey with only a slight tinge of red. Near the margin it 
is often grey or even greenish, owing to the higher proportion of 
coloured minerals; and in certain localities there are also varieties 
which are quite dark-grey or blue, but these demand separate de- 
scription. ‘The rock is very rarely porphyritic to the unaided eye, 
and dark-coloured ‘basic patches’ are also scarce. In places the 
rock is somewhat drusy, and in the neighbourhood of planes of 
disturbance it is often much stained by hematite. 

I have examined a large number of slices, which have been 
selected, as far as possible, so as to illustrate the different types, 
and the variations that occur in different parts of the mass. 

The rock consists essentially of quartz, various felspars, chlorite 
representing ferromagnesian minerals, and accessories. The 
coloured minerals generally occur in small proportion only ; and, on 
the whole, the rocks are distinctly leucocratic in character. 


Quartz is generally very abundant. It contains the usual fluid- 
inclusions, which are nearly always very conspicuously arranged in 
lines ; and these lines are often appreciably parallel throughout the 
slice, as if their position was determined by strains set up during 
cooling or subsequently. ‘he relations between the quartz and 
the felspar, with regard to age, are very variable ; in the granitic 
types [4748-50, 4752] the quartz appears to have crystallized 
partly before the felspar, as in the Shap Granite and parts of the 
Eskdale Granite. In this case, the quartz occurs in small crystals 
which sometimes show fairly-good hexagonal outlines, but more 
often they are more or less rounded in form. In the great mass of 
the rock, however, the quartz and the felspar have crystallized 
simultaneously, giving rise to more or less perfect granophyric 
structure [4755-56, 4758-59 |. 


‘The felspars are very variable, and include orthoclase, perthite, 
and plagioclase; in a few specimens a very little microcline 
appears to be present. The relative proportions of orthoclase and 
plagioclase vary greatly, but the latter is generally the more 
abundant; in some slices it appears to be almost the only felspar 
present. Both kinds of felspar are generally somewhat decomposed, 
being partly converted into aggregates of small flakes of white mica, 
and these flakes generally lie parallel to the cleavages of the felspar : 
wherefore, in most sections, they appear to be arranged in two sets 
at right-angles. However, the decomposition has rarely gone far 
enough to mask the twinning, which is generally conspicuous. 

In spite of decomposition, it is often obvious that much of the 
unstriated felspar possesses poorly-developed perthite-structure, and 


the so-called ‘orthoclase? must contain a good deal of the albite- 
molecule, 
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In the granitic forms, orthoclase, perthite, and plagioclase all 
occur as large idiomorphie or hypidiomorphic crystals. The ortho- 
clase and perthite are twinned on the Carlsbad law, and are of 
quite normal character. In the granophyric forms also, orthoclase 
occurs in graphic intergrowth with the quartz. 

In most examples the dominant felspar is a rather turbid plagio- 
clase, which occurs in fairly well-formed crystals in nearly all 
varieties. It is commonly twinned on the Carlsbad and albite- 
laws; the twin-lamelle are often rather indistinct, owing to 
decomposition. Occasionally other twins appear, such as the 
pericline and Baveno varieties. The plagioclase-crystals are some- 
times slightly zoned, but the range of composition between the inner 
and outer zones is not wide. Examination of a very large number of 
symmetrical sections shows that, in the majority, the extinction is 
nearly straight. Some examples show extinction-angles up to about 
20°; and in these cases a comparison of the index of refraction with 
that of quartz proves that andesine and albite are both present. 

The analysis tabulated by Clifton Ward! is probably not very 
trustworthy; but, if we assume it to be moderately correct, the 
percentages of soda and lime which are there stated, supposing all 
to be combined as felspar, would give an approximate ratio of 
Ab: An=6:1. But some of the soda exists as perthite, and the 
true ratio must be somewhat lower than this. 


The determination of the original character of the ferro- 
magnesian mineral of this rock presents a certain amount of 
difficulty. Clifton Ward regarded it as hornblende, while Dr. Teall, 
in his ‘ British Petrography,’ merely refers to it as ‘ green chloritic 
aggregates.’ 

In most specimens the coloured mincral is some variety of 
chlorite, but in a few especially-fresh examples from well-glaciated 
localities I have found almost unaltered biotite of a yellowish- 
brown colour, and in the normal rock the chlorite undoubtedly 
represents this mineral; while, in the more basic modifications from 
Bowness Knott, Seatallan, and elsewhere, it is equally clear that 
much of the chlorite is derived from augite. 

The chlorite of the normal rock occurs in ragged flakes having 
the form of biotite ; itis of a rather deep-green colour, and strongly 
pleochroic (a deep green, ¢ pale yellowish-brown). The extinction 
is straight, parallel to the cleavage of the original biotite. This 
mineral is only distinguished from green biotite by its extremely- 
weak double refraction ; sections of the ordinary thickness generally 
give a steel-grey of the first order, while many are completely 
isotropic. The flakes of chlorite very often enclose rather large 
crystals of a mineral with high refractive index and strong double 
refraction: this appears to be epidote. These inclusions are 
surrounded by a well-marked dark ‘ pleochroic halo’ [4763]. 

The characters of the green mineral seem to agree best with the 
variety of chlorite known as pennine, while a few sections 


1 Quart. Journ. Geol. Soc. vol. xxxii (1876) p. 22. 
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showing rather stronger double refraction may be referred to 
clinochlore. However, for all practical purposes it is sufficient. 
to regard it as chlorite derived from original biotite. Description 
of the chlorite derived from augite may be deferred, until the local 
modifications in which it occurs are dealt with in detail. 

Some common accessories are magnetite, apatite, sphene, zircon, 
epidote, and calcite: they do not call for any special remark. The 
calcite is always secondary, and so is probably some of the epidote : 
however, the inclusions of epidote in the chlorite may be original. 


A slice [4762], taken from near the margin of the small mass 
which lies on the hillside west of Buckbarrow, shows a remark- 
able facies. Instead of being, as we might expect, of very fine 
texture, it is the coarsest and most granitic type yet obtained. 
The rock is almost free from coloured minerals, only a very little of 
the ordinary chlorite being present. It consists of a coarse-grained 
ageregate of various felspars and quartz, with typical hypidio- 
morphic granular structure; in places only is there a very slight 
tendency to graphic intergrowth of the quartz and felspar. There 
is a large amount of felspar showing albite-twinning, and belong- 
ing to oligoclase-albite and albite. The remainder is perthite, in 
less perfectly-formed crystals, which very frequently have a cross- 
hatched character, resembling that of microcline in certain sections. 


Specimens taken from the southernmost or highest laccolite show 
the same type of structure as that which is seen in the marginal 
parts of the larger masses on the north; and they may be described 
briefly as belonging to the granitic type, with only very slight 
indications of micrographic intergrowth. Their texture is not 
conspicuously finer, and felsitic modifications are not found to an 
extent. The small hill known as Berry How, about half a mile 
north of Strands, consists of a reddish rock, which in the field 
appears to resemble strongly the felsitic rock of Revlin Crag and 
Silver Cove; but, under the microscope, it is seen to be identical 
with the metamorphosed Borrowdale volcanic rocks of other parts 

the district. 


(6) Felsitic Modifications. 


In some localities, as at the head of Silver Cove [4754] and on 
Revlin Crag, the rock becomes very fine in texture, and in hand- 
specimens presents a felsitic appearance. In slices it sometimes 
shows aslight tendency to porphyritic structure. These fine-grained 
varieties vary considerably in composition. In the specimen from 
Revlin Crag quartz is practically absent; whereas at Silver Cove it 
isabundant. ‘The felspar is generally much decomposed, and coloured 
minerals are practically absent. These felsitic modifications are 
all marginal, and may be regarded as chilled edges. 
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(c) The Greisen. 


On the margin of the northern laccolite, a mile west of Scale 
Force, a curious modification of the granitic rock is to be found 
[4764-65]. The rock here is of the coarse-textured, non-granophyric 
type. It consists of quartz and muscovite, without felspar, but 
with the usual chlorite in small quantity—part of the quartz is of 
the normal type, and full of the habitual liquid inclusions ; the rest 
of the rock consists of an aggregate of small flakes of muscovite, 
embedded in clear quartz. In parts there is a good deal of calcite. 
This may be described as a greisen. 

The structure is here similar to that found elsewhere at the 
margin, and the ferromagnesian minerals and accessories are quite 
normal. ‘There can be no doubt that the rock originally contained 
the usual felspar, which has decomposed, presumably under the in- 
fluence of some pneumatolytic agent. The alkali-felspar molecule has 
formed quartz and mica, as in the case of the Cornish greisens, while 
the lime-felspar molecule has given rise to calcite. In some places 
the original telspar is not quite obliterated, and still shows traces 
of albite-twinning. 


(d) Aplitic Veins. 


At Stair Knott, on the south side of Ennerdale, the granophyre 
is traversed by some fine-textured dykes, or veins, of rather peculiar 
character. ‘lhe macroscopic appearance of the rock is felsitic, and 
in slices the structure is seen to be very different from that of the 
normal granophyre. 

The rock [4760-61] consists of quartz, felspars, chlorite, and 
various accessories. A few fairly-large porphyritic felspars are 
present; they all show albite-twinning and generally pericline- 
twinning also; the angle of extinction on the albite twin-lamelle 
varies from 0° to 20°, and the refractive indices show that the 
composition ranges from oligoclase to albite. 

The groundmass consists of a fine-textured aggregate of small 
grains of quartz, and rather ragged prisms of the same felspar as in 
the phenocrysts. The chlorite also is markedly acicular, and con- 
sequently the general appearance is somewhat trachytic. Common 
accessories are small crystals of magnetite and hematite, prisms of 
apatite, and small grains of epidote of various colours, generally 
green or yellow, but sometimes colourless; this appears to be an 
original constituent. The amount of coloured mineral is very 
small, and the bulk of the rock consists of quartz and felspar in 
approximately-equal proportions. Hence, it must be of acid com- 
position, and it is most conveniently referred to the aplite-group. 


(e) The Igneous Complex of Burtness Combe, 
Buttermere. 


On the flanks of High Stile, on the west side of Burtness Combe, 
occurs an interesting igneous complex on a small scale, which has 
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been briefly described by the late E. E. Walker.’ This consists of 
a somewhat lenticular mass of basic rock, about a quarter of a mile 
long, which at its eastern extremity runs out in a beautiful fringe 
of dyke-like prolongations, intruded along the bedding-planes of 
the Skiddaw Slates. Associated with this are some good examples 
of acid dykes, which are evidently of later age, and show some 
striking variations. (See sketch-map, fig. 2, below.) 


; : : : 
Fig. 2.—Sketch-map of the igneous complea of Burtness Combe, 
Buttermere. 
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The basic rock may be regarded as a small laccolite, which, 
owing to the present high south-easterly dip of this part of the 
district, is exhibited practically in cross-section. The basic intrusion 
is by no means uniform throughout, but shows some interesting 
variations. At the margin it is a fine-grained dark-green rock, 
and the same type is also found in the fringes at the eastern end. 
Passing towards the centre of the main mass, the rock is seen to 
become gradually coarser in texture and lighter in colour, until at 
the centre it is a moderately-coarse rock of doleritic character, with 
a distinctly pink colour in irregular patches. According to Walker ? 
the silica-percentage of the basic margin is (from two analyses 
50°12 and 49°52. In a specimen of the coarse pink-spotted rock 
from the centre, I found 56:03, 56:10, and 5616 per cent. of 


silica; there is, then, evidently a considerably higher silica-percentage 
in the middle. 


1 Quart. Journ, Geol. Soe. vol. lx (1904) p. 83. 2 Ibid, p. 84. 
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An examination of a series of slices shows that the rock is very 
far from fresh; but it was, near the margin [4766], an ophitic 
augite-dolerite of typical structure. The only ferromagnesian mineral 
present appears to have been augite, which is now represented by 
actinolitic hornblende ; epidote, zoisite, calcite, chlorite, etc., are also 
abundant, derived from ‘saussuritized’ felspar. 

Towards the middle of the intrusion [4767] the rock is much 
fresher, and more acid in character. It contains large idiomorphic 
crystals of plagioclase, which show extinction-angles corresponding 
with andesine and oligoclase; there are also some crystals showing 
twinning on the Carlsbad law only, which must be identified as 
orthoclase. The chief coloured mineral is ophitic augite, sometimes 
replaced by actinolitic hornblende and the usual type of chlorite. 
A fair proportion of quartz is also present; and there is a certain 
amount of groundmass consisting of a beautiful micropegmatite of 
quartz and felspar. All slices of this rock show apatite and 
ilmenite as abundant accessories; the latter is often converted into 
leucoxene. Epidote, zoisite, chlorite, and calcite are abundant as 
decomposition-products. 

The outer margin of this rock contains a very high proportion of 
coloured minerals: in fact, in one slice I estimated them to amount 
to 75 per cent. of the whole, while at the centre they are much 
less abundant. 

The facts just stated suggest that the magma has undergone a 
certain amount of differentiation after intrusion, leading to a concen- 
tration of basic minerals at the margin; but this explanation seems 
insufficient to account for all the phenomena, especially the occurrence 
of orthoclase and quartz in the pink-spotted middle part. ‘This 
type shows very strong affinities to the neighbouring granophyre, 
and it seems probable that its peculiar character can best be ex- 
plained on the supposition that it is a mixture-rock. According 
to this view, the basic dolerite was first intruded, and while it was 
still hot and partly liquid in the middle another injection of more 
acid character took place from the same source, and penetrated into 
the still unconsolidated centre of the earlier intrusion, producing a 
hybrid rock, intermediate in character between granophyre and 
dolerite. Exposures in the field support this view, and it is in 
accordance with observations made on the Bowness-Knott mass 
(p. 265). 


Associated with this basic intrusion are some beautiful examples 
of acid dykes. One of these runs parallel to the lower margin of 
the dolerite for the greater part of the length of the exposure, and 
some distance below it; perhaps 40 or 50 feet. The other dyke 
first appears some distance to the east of the eastern extremity 
of the dolerite, and cuts obliquely across it; on reaching the lower 
margin of the dolerite it turns parallel to it, and forms the base of 
the intrusion, until the latter disappears. The acid dyke, however, 
is continued westward across the flanks of High Stile, and can be 
traced into the main outcrop of granophyre on the east side of 
Bleaberry Combe. 
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This upper dyke is very variable in character. In parts it is a 
dark greenish-grey, fine-grained rock of somewhat porcelain-like 
appearance, translucent on thin edges, and with a very splintery 
fracture. This facies strongly recalls the eurite of Cader Idris, 
described by Prof. G. A. J. Cole & the late Mr. A. V. Jennings.’ 
It passes gradually into a slightly-coarser type, in which banding 
becomes very conspicuous, in alternate streaks of reddish and blue- 
grey colours. The darker minerals show a strong tendency to 
ageregation into rounded patches, and this often passes into very 
well-marked spherulitic structures. This banding is obviously a 
flow-structure, and both it and the spherulites are very well brought 
out by differential weathering. These flow-bands are often very 
highly contorted, as if the magma had been very viscous during 
intrusion. This dyke shows a striking resemblance to the rhyolite- 
dykes of Druim-an-Hidhne in Skye, described and figured by 
Mr. Harker.” Here also the rhyolitic affinities are very marked, 
though the dyke is visibly an apophysis of the granophyre. Near 
the eastern end of the dolerite-mass this dyke is nearly 20 feet 
thick, and its structure is strikingly columnar ; the upper and lower 
layers are highly contorted, while the middle part is comparatively 
free from banding: where the dyke is thinner, practically the whole 
of it shows complex flow-banding. 

The microscopic structure of this rock was described by the late 
EK. E. Walker,’ and its silica-percentage was found to be about 72, 
so that it is a distinctly-acid rock [4768]. 

I cannot agree with Walker’s conclusion that ‘the felsite was 
probably first intruded, and the diabase came up later’ (doc. cit.). 
The dolerite-intrusion is most clearly cut by the acid dyke, which 
must be the later of the two. (See sketch-map, fig. 2, p. 262.) 

The lower dyke is very similar in character, but less variable ; it 
is a fine-grained rock of ‘felsitic’ type, showing no very definite 
characters except slight banding. It runs parallel to the lower 
margin of the dolerite, but thins out before reaching the wall on the 
west of Combe Beck. It can be traced for a long distance west- 
wards across the steep slopes of High Stile, and approaches very 
near to the upper dyke. Unfortunately the ground is obscured by 
serees, and very inaccessible, so that its western prolongation is 
hidden; but I believe that it joins the upper dyke before the latter 
merges into the granophyre. 


The published 6-inch Geological Survey-map shows a long felsite- 
dyke, running from the south-eastern extremity of the dolerite fora 
mile or so in a south-easterly direction past Low Wax Knott, with an 
interruption where it passes beneath the lag-plane. The western 
end of this is presumably the remarkable mass of spherulitic or 


1 Quart. Journ. Geol. Soc. vol. xlv (1889) p. 433. 


* <The Tertiary Igneous Rocks of Skye’ Mem. Geol. Sury. 1904, p. 283 
& pls. xi-xii. 


* Quart. Journ, Geol. Soc, vol. lx (1904) p. 84. 
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orbicular rock described by Walker.’ However, it is not clear what 
is the relation of this dyke to those previously described, since there 
is a great accumulation of fallen blocks at the critical point. They 
are certainly not directly continuous, but probably they are closely 
connected. 

I have very grave doubts whether the dyke shown in the published 
map at Wax Knott is really a continuation of the acid dyke of 
Burtness Combe ; my specimen, taken just below the Scarth-Gap 
path, is a dark-grey rock of basic appearance, and distinctly 
porphyritic. 


(f) Bowness Knott and Herdus. 


At Bowness Knott, on the north side of Ennerdale Water, occurs 
another comparatively-large area of basic rock. This is a mass, 
roughly oval in shape, and about a quarter of a mile in its longest 
diameter. On the south-east side, however, it passes into the 
granophyre in so irregular a manner that its boundary cannot be 
exactly laid down on the 6-inch map. The basic rock is pene- 
trated by numerous veins of granophyre, which gradually become 
increasingly abundant, until it shades off insensibly into the main 
mass. 

The greater part of the basic rock [4769-70] is very similar to 
that of Burtness Combe. It is essentially of doleritic character, but 
has a few special peculiarities. The felspars are usually idiomorphic, 
and seem to have a wide range in composition. Zonary banding 
is common, and the composition ranges from a rather basic labra- 
dorite to oligoclase, while a considerable amount of orthoclase appears 
to be present. Quartz is rare, and there is no sign of micropegmatite. 
The only ferromagnesian mineral is actinolitic hornblende, repre- 
senting original augite, and in a few crystals relics of almost 
unaltered augite can be seen. In places there is a slight tendency 
to ophitic structure. Ilmenite is abundant, and occurs in rather 
large crystals. 

Near the junction with the granophyre is a basic rock of peculiar 
character, in which the ferromagnesian mineral shows a very well- 
marked needle-like habit. It consists of large felspar-crystals, 
of columnar habit, ranging from labradorite to oligoclase, together 
with a good deal of orthoclase, long needles of partly-uralitized 
twinned augite, chlorite, epidote, ilmenite, and apatite. The rock 
is much weathered, but it is easy to see that the structure is 
not uniform throughout; in some parts of the slice there is the 
usual association of chlorite and epidote representing biotite, whereas 
in other parts the chief coloured mineral is uralitized augite. In 
places there is a good deal of a microcrystalline groundmass, which 
appears to contain quartz; but it is not micrographic. Another 
slice of a similar rock is coarser in texture, and does not show the 
fine groundmass ; apparently quartz is absent from this type. 

It is evident that this rock is very variable in character in different 


1 Quart. Journ, Geol. Soe. vol. lx (1904) p. 84. 
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parts, and the specimen containing a fine-textured groundmass might 
be described as an augite-porphyrite. But the evidence shows 
that these peculiar types are hybrid or mixture-rocks; and in this 
case the mixture seems to have been very imperfect, thus accounting 
for the patchy structure. The needle-rock occurs near the very 
irregular boundary between the basic and acid rocks, and is pro- 
bably due to the action of a second intrusion of more acid character 
(namely, the granophyre of the largest laccolite), while the earlier 
basic intrusion was still hot. It is, therefore, probably due to 
the remixing of two partial magmas previously separated by deep- 
magmatic differentiation. 

A similar type of ‘ needle-rock’ also covers a large area on the 
south-eastern margin of the largest laccolite, on the southern flank 
of Seatallan. In petrographical character it is very similar to the 
rock described above, and does not require separate treatment. 

A similar acicular habit of the augite has been noticed by 
Mr. Alfred Harker’ in marginal modifications of the Carrock-Fell 
Granophyre; and he compares it with the blade-like habit of the 
biotite on the margins of the Shap Granite and several intrusions 
of granite-porphyry in other parts of the Lake District. 


(g) The Wastwater District. 


About three-quarters of a mile north-east of Santon Bridge, on 
the north side of the road to Wastdale Head, are to be seen some 
exposures of rock of a peculiar character. ‘This marks the south- 
western limit of the granophyre-intrusion in this district, and is 
probably another marginal forerunner, like those of Burtness and 
Bowness. 

In hand-specimens this rock much resembles a rather coarse 
type of the granophyre, except as to its colour, which is more blue 
or grey, With a few conspicuous red felspar-crystals. 

Under the microscope [4771] it is seen to consist of a rather 
coarse-grained aggregate of idiomorphic prisms of plagioclase-felspar, 
large irregular plates of orthoclase, and some interstitial quartz, 
with a considerable amount of ferromagnesian mineral. This 
includes some chlorite and epidote, but the bulk of it is hornblende, 
which is pale green or brownish and distinctly pleochroic ; much 
of it shows uralitic character. A few long prismatic crystals now 
consist of chlorite; and both kinds of ferromagnesian mineral 
probably represent original augite. Large prisms of apatite and 
irregular crystals of magnetite are abundant. 

The plagioclase-crystals show strong zonary banding, and the 
extinction-angle of the middle part is in some as high as 30°, while 
in the outer zones it is nearly straight. This shows that the felspar. 
ranges from labradorite to oligoclase. 

This rock seems to be another modification of the non-granophyric 
quartz-plagioclase-augite rock, which is so characteristic of this 
serles; but it differs from the more ordinary examples in the 


* Quart. Journ. Geol. Soe, vol. li (1895) p. 127. 
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possession of orthoclase, together with a rather basic plagioclase. 
This association suggests a comparison with the monzonite-family of 
Prof. Brogger, and the rock in question shows a distinct resem- 
blance to his quartz-monzonites. Possibly it would be better to 
regard it as related to the banatites,! which are subalkaline rocks 
of. the tonalite-group, containing typically a good deal of augite. 


A little farther to the north-east, between Mecklin Wood and the 
farm known as Burnt House, is an interesting occurrence of a 
rather fine-textured grey rock, which is much fresher than is usual 
in this series. It occurs as an irregularly-shaped mass, about a third 
of a mile long and 100 yards broad at the most. It appears to be 
entirely surrounded by normal granophyre; but it is very near the 
margin of the latter, and is no doubt a forerunner like the last- 
described. 

A slice of this rock [4772]is found to consist of plagioclase, 
biotite, hornblende, augite, and quartz, with accessory magnetite and 
apatite. The felspar is in the form of more or less ragged prisms 
possessing the habit characteristic of the diorites or dolerites ; the 
extinction is nearly straight, showing that it is oligoclase. A little 
orthoclase is also present. Quartz is abundant, and its occurrence 
is interstitial, but not granophyric. ‘The biotite is very fresh, deep 
brown in colour, and strongly pleochroic. Some of the most con- 
spicuous elements in the rock are rather long narrow prisms of a 
mineral which is usually very pale green or nearly colourless, with 
a high index of refraction. Some crystals are non-pleochroic and 
have a wide extinction-angle, up to 45°: others are pleochroic, and 
have a narrow extinction-angle, usually below 10°, so that both 
augite and hornblende are present. The hornblende is probably 
secondary, of uralitic origin. ‘hese crystals are, no doubt, essen- 
tially the same as the needles of augite which are so characteristic 
of the margin of the granophyre-mass on the south-west of Seatallan 
and elsewhere. 

The foregoing description shows that the affinities of this rock also 
are with the tonalites and banatites, rather than with the granites, 
since orthoclase is quite subordinate. It is essentially an augite- 
bearing quartz-mica diorite, which is practically the 
definition of a banatite. 


On the south-west side of Mecklin Wood is a rock of a much more 
basic character. It forms a small mass, which is rather badly 
exposed just above the stream, and close to the wall bounding the 
wood. The mass is variable in character, but the bulk of it isa grey 
rock of moderately-coarse texture, showing well-marked tabular 
felspars, much dark mineral, and a little biotite and iron-pyrites. 

In slices [4773] it is seen to be doleritic in structure, although 
many specimens are a good deal decomposed. It consists of zoned 
columnar felspars, ranging from labradorite to oligoclase, enclosed 
in typical ophitic fashion by large plates of a ferromagnesian mineral 

1 W.H. Weed & L. V. Pirsson, 20th Ann. Rep. U.S. Geol. Surv. pt. iii, 
1898-99 (1900) p.471; also Am. Journ, Sci. ser. 3, vol. 1 (1895) p. 467. 
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which is partly still fresh colourless augite, but for the most part 
converted into hornblende by uralitization. Some of the hornblende 
is actinolitic, in aggregates of long slender needles, but much of 
it is so well crystallized as to resemble an original constituent; it is 
distinctly pleochroic (bluish-green to pale yellowish-brown), and 
some patches have a very distinct blue colour. There are also afew 
flakes of a bright reddish-brown biotite, and abundant patches of 
ilmenite exhibiting very conspicuous bar-structure. 

In the centre of this dolerite-intrusion is a large patch of a very 
coarse-grained gabbroid modification [4774], which shows crystals 
of felspar and uralitized augite measuring up to half an inch in 
length, and plates of ilmenite measuring up to 1 inch in diameter. 
Scattered through it are abundant flakes of red-brown biotite, 
measuring up to a quarter of an inch in diameter. Another note- 
worthy feature of this rock is the occurrence of what, at first sight, 
look like orbicular patches. A closer examination shows that these 
are partly-digested xenoliths, since every gradation can be traced— 
from obvious angular inclusions, up to more or less regular ‘ orbicles’ 
measuring an inch or more in diameter. 

No quartz was observed in any part of this dolerite-mass, and it 
is probably the most basic rock yet examined in this series, 


IY. Genprat CHARACTERS. 


It appears from the foregoing descriptions, that this great series 
of intrusions comprises a large number of rock-types of variable 
character, but still showing many points of resemblance among them- 
selves. Speaking generally, they may be regarded as products of the 
differentiation of one original magma ; and this differentiation seems 
to have taken place in two stages, the deep-magmatic and laccolitic 
phases of Prof. Brogger. There has also occurred, to a certain extent, 
production of peculiar rock-types, as the result of the subsequent 
admixture of previously-differentiated partial magmas of the deep- 
magmatic series. 

In both stages, the amount of basic rock produced by differentiation 
is small, in comparison with the bulk of acid rock; and this suggests 
that differentiation only continued for a short time, and the variations 
produced are not extreme. 

If we consider the mineralogical composition of the magma as a 
whole, without regard to small basic modifications, it will be seen 
to consist of quartz, an intermediate plagioclase near to oligoclase, 
with subordinate orthoclase and perthite, and a rather small pro- 
portion of a ferromagnesian constituent (which crystallized either as 
biotite or augite, according to circumstances). Such a magma shows 
more resemblance to the tonalites than to the granites, although it 
is rather more acid than the typical tonalites, which usually contain 
about 66 per cent. of silica." According to Clifton Ward? this rock 
contains about 71:5 per cent. 


1 H. Rosenbusch, ‘ Elemente der Gesteinslehre’ 2nd ed. (1901 
? Quart. Journ. Geol. Soc. vol. xxxii (1876) p. 22. ( pes tees 
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The mineralogical composition is singularly uniform, and the 
more basic modifications consist essentially of the same minerals in 
different proportions, if we regard the biotite and augite as closely 
related, an assumption which seems justified by the evidence. 

So far as structure is concerned, it is especially characterized by 
micrographic or micropegmatitic intergrowth, due to simultaneous 
crystallization of the quartz and felspar. 

The earliest: phase of intrusion is that of small masses of more 
basic character, which now occupy a marginal position; these may 
be described as ranging from dolerites and quartz-dolerites to a 
type in which the presence of a considerable proportion of orthoclase 
shows affinities to the quartz-monzonites of Prof. Brégger’s classifica- 
tion. This was quickly followed by the intrusion of the main mass, 
while the earlier injections were in some cases still hot and partly 
liquid. 

A noteworthy feature is the absence of any well-developed series 
of dykes of the more acid rocks. A few examples of dykes exist in 
the more northern part of the area, but those in the southern part 
seem to belong entirely to the Eskdale Granite. 

In view of the abundance of garnet-bearing rocks in the central 
part of Lakeland, it is worthy of notice that I have not observed a 
single occurrence of garnet in any one of the very numerous specimens 
examined. The late E. E. Walker noted the occurrence of loose 
blocks of garnet-bearing rocks in Burtness-Combe Gill, and, chiefly 
on this evidence, stated his belief that the Buttermere-Ennerdale and 
Eskdale intrusions were derived from the same magma.’ He did not 
see these rocks in situ, and I have observed nothing either there or 
elsewhere to confirm this idea: in fact, what evidence there is points 
the other way, although it must be admitted that it is chiefly negative 
evidence. 

With regard to the age of the intrusion, I do not feel competent 
to express an opinion. The only evidence bearing on the point so 
far obtained, is the absence of cleavage on the north side of the 
Buttermere laccolite, which seems to show that the Skiddaw Slates 
on this side were protected from the influence of the great thrusts 
coming from the south-east, which so strongly cleaved them in other 
parts of the district. The intrusion was, therefore, previous to the 
great earth-movements of the later part of the Caledonian series. 
Whether it accompanied the Ordovician movements of the same series 
remains to be proved. 

On reference to the map (fig. 1, p. 254), it will be seen that the 
Ennerdale and Eskdale intrusions come together at the foot of 
Wastwater. It might be expected, therefore, that this locality would 
possibly throw some light on the question of their relative ages. I 
have not been able to find any section showing both rocks in contact, 
since the probable line of junction is much covered by scree-material. 
Dr. A. R. Dwerryhouse, F.G.S., kindly informs me that he has 
been equally unsuccessful; a casual inspection seemed to show 


' Quart. Journ. Geol. Soc. vol. lx (1904) pp. 84-85. 
Q.J.G.S. No, 246. U 
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that the nearest exposures of the Eskdale Granite do not exhibit any 
marginal characters :— 
‘Lf, on further study of the neighbourhood of Kasthwaite, this proves to be the 
case, it would point to one of two things: (7) Ennerdale rock intrusive in, and 
therefore later than, the granite; or (?) a faulted junction.’ 

Further work is required before anything definite can be said on 
the subject. I have much pleasure in expressing my thanks to 
Dr. Dwerryhouse for this interesting note. 


V. GRANOPHYRIC STRUCTURE. 


As before stated, a detailed study of a large number of slices 
from different parts of these intrusions has shown that there exists 
a good deal of variation in different parts of the mass, and these 
variations seem to be arranged according to certain definite laws. 
From the field-evidence, it is clear that the intrusion, as a whole, 
forms a series of laccolites of varying size, which are sharply 
marked off one from the other. If we examine the distribution of 
the different rock-types in any one laccolite, we find a certain 
regularity of distribution, as follows:—Near the margin of the 
laccolite the rock shows a structure nearly approaching that of the 
normal acid plutonic rocks, with scarcely a trace of graphic inter- 
growth; a short distance from the margin, graphic structure begins 
to make itself manifest, at first of a very imperfect and irregular 
type; and, as we approach the centre of the visible mass, this inter- 
growth becomes continuously finer in texture, and of an increasingly- 
perfect micropegmatitic structure. In some specimens from near the 
head of Ennerdale Water in particular, this intergrowth becomes 
so intimate in character as to be scarcely capable of resolution by 
the ordinary powers of the microscope, and no doubt it also exists in 
a degree of fineness beyond the limits of visibility. Some of these 
finer types resemble certain forms of perthite, while others show 
a very strong likeness to photomicrographs of alloys of metals. 
This may also be expressed by saying that the structure in the 
inner parts of the laccolites approaches more and more closely to a 
molecular mixture of quartz and felspar, which may also be regarded 
as a solid solution. 

The micropegmatite is of several different types. In one very 
common structure, large and more or less porphyritic crystals of 
felspar are surrounded by a sort of ring or fringe of micropegmatite, 
and the felspar of this fringe is in optical continuity with the 
large crystal. Structures of this sort seem to occur in connection 
with both orthoclase and plagioclase. Mr. Harker? has noted that, 
in some cases, crystals of plagioclase are surrounded by a narrow 
zone of orthoclase, and that by micropegmatite, and the felspar of 
the micropegmatite has the same orientation as this zone of ortho- 
clase. However, this is not always the case, and many crystals of 
plagioclase are surrounded by a fringe of this nature without any 
intervening orthoclase. If the central crystal is small, the struc- 
ture becomes somewhat spherulitic; but, unless a nucleus of this 


‘ Quart. Journ, Geol. Soe. vol. li (1895) p. 128. 
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kind is present, the tendency to a centric arrangement of the quartz 
and felspar is not so marked as in many granophyres. 

Micropegmatite also occurs very commonly in an interstitial 
manner, between more or less idiomorphic crystals of felspar 
or ferromagnesian minerals. Several different kinds of micro- 
pegmatitic structure may be distinguished, besides the fringing 
variety above mentioned : for instance the platy, the triangular, and 
the feathery types. Some of these apparent differences are doubt- 
less due to the varying directions in which the sections are cut, 
and this almost certainly applies to the triangular and platy types. 
Some examples have a very strong resemblance to certain forms 
of perthitic structure ; and, in some specimens, examination with 
a higher power shows that, what appear to be homogencous and 
idiomorphic felspar-crystals under a low power, are in reality ex- 
tremely fine-textured intergrowths of quartz and felspar. 

It has been pointed out by many writers that mixtures of two 
substances, in a proportion approximating to the eutectic ratio, 
frequently show structures resembling micropegmatite; and it is 
now believed that ordinary micropegmatite is a eutectic of quartz 
and felspar. According to Prof. Vogt,’ the eutectic ratio for 
quartz and felspar is 26: 74; his figures apparently apply to ortho- 
clase, and it is possible that the ratios may be slightly different 
for plagioclase. 

The eutectic mixture would be the last to crystallize; and so we 
should naturally expect to find micropegmatite in the inner parts 
of the mass, which remain longest in the liquid state. 

It appears, therefore, that in the case of the Ennerdale Grano- 
phyre the conditions of cooling were such that crystallization went 
on from without inwards, leading to the successive supersaturation 
of the magma for the different constituents, according to the 
principles laid down by Prof. Morosewicz and others. The course of 
erystallization was such that the still molten residue approximated 
more and more closely to the composition of the eutectic, and 
therefore finally solidified as micropegmatite. 

This is in accordance with the idea put forward by Prof. Moro- 
sewicz* and Dr. Teall.’ ‘These processes, however, seem to be 
controlled by other factors, such as rate of cooling and pressure. 
The true deep-seated plutonic rocks, which have consolidated under 
a great thickness of rock-cover, do not show much graphie¢ structure. 
On the other hand, this structure is very well-marked in many 
rocks which appear, from independent evidence, to have consolidated 
under a comparatively-thin covering, although occurring in large 
masses: as, for example, many of the Tertiary intrusions of North- 
Western Europe. This suggests that pressure is probably an 
important factor in the case, and that pressure alone, or pressure 
and rate of cooling conjointly, determine in any particular instance 
whether an acid magma shall crystallize as a granite or a granophyre. 

1 «Die Silikatschmelzlésungen’ pts. i & ii, Vidensk. Selsk. Skrifter, 1903, 
no. 8 & ibid. 1904, no, 1; see also review by A. H. in Geol. Mag. 1905, p. 132. 

2 Tschermak’s Min. Petr. Mitth. n. s. vol. xviii (1899) p. 1. 

* Presidential Address, Quart. Journ. Geol. Soe. vol. lyii (1901) p. Ixxv. 
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VI. Summary AnD Concruston. 


From the facts put forward in this paper, it may be concluded 
that the Buttermere-Ennerdale intrusion is an excellent example of 
an acid magma which has crystallized under the peculiar set of 
conditions that give rise to a very perfect development of grano- 
phyric structure. These conditions are probably, to a certain 
extent, intermediate between those of the plutonic and the true 
hypabyssal rocks. 

Besides the normal acid rock which composes the bulk of the 
intrusions, there are some marginal patches of a more basic 
character, showing obvious genetic relationship, and slightly earlier 
in point of time than the intrusion of the acid rock. These basic 
forerunners afford evidence of partial differentiation of the magma 
before intrusion, an example of Prof. Brogger’s deep-magmatic 
differentiation. There is also some slight indication of lacco- 
litic differentiation. 

Considered as a whole, the petrographical character of the magma 
shows closer affinity to the tonalite-group than to the true granites, 
although it is somewhat more acid than the majority of the tona- 
lites. The more basic types include dolerites, quartz-dolerites, and 
a rock-type intermediate between quartz-dolerites and granophyres, 
for whieh no satisfactory name seems to exist. There is also a 
development of peculiar rock-types, as the result of the re-mixing 
of previously-differentiated partial magmas of an acid and a basic 
character respectively. 

A study of the distribution of different types of granophyric 
structure shows a certain regularity of arrangement, and an attempt 
is made to reconcile these with known physical laws, especially 
with reference to cutectics ; and it is concluded that the structure is 
the result of crystallization under conditions intermediate between 
those which produce typical plutonic and hypabyssal rocks. 


It was originally my intention to deal also with the study of 
the very interesting metamorphism brought about in the Skiddaw 
Slates by these intrusions, but pressure of teaching work during the 
last two years has prevented me from carrying out this intention. 
I have collected a large amount of material, and hope soon to be 
able to continue the investigation. 

In conclusion, I have much pleasure in expressing my hearty 
thanks to Dr. Marr for much kind help and encouragement, without 
which the work would have been impossible, and also to Mr. Alfred 
Harker for much help in the petrological part of the work. My 
best thanks are due to Mr. W. G. Fearnsides, M.A., F.G.S., for his 
kindness in taking the photographs for illustrations. I am also 
greatly indebted to Mr. J. P. Millington, Mr. Bernard Smith, and 
a B. Schon for much pleasant companionship and help in the 

eld, 


Vol. 62.] BUTTERMERE AND ENNERDALB GRANOPHYRE. 273 


EXPLANATION OF PLATES XXVII & XXVIII. 


[All the figures are magnified 21°5 diameters. | 


Pratrn XXVII. 


Hig. L. [4750] Granitie margin of the Buttermere laccolite, near Scale Force, 
showing interstitial quartz. 
2. [4748] The same, showing idiomorphic plagioclase. 


Pratn XXVIII. 


Fig. 1. [4755] Granophyre, Boathow Crag, Ennerdale, half a mile from the 
margin, showing micropegmatite of a medium degree of fineness. 

. [4759] Granophyre, Sail Hills, Ennerdale, 13 miles from the margin, 
showing micropegmatite of very fine texture. 


bo 


Discussion. 


The Prustppenr regretted the absence of the Author, owing to 
illness. He welcomed the very interesting paper, and congratulated 
himself that he had suggested that the Author should undertake 
the study of these rocks. ‘The Author had referred to Clifton 
Ward’s work—work which was naturally acknowledged by all who 
had subsequently worked in the district. In Ward’s time the 
study of differentiation of magmas had not been extensively 
followed, and the Author had taken advantage of work which had 
been done in this direction, with very good results. He had been 
well advised in alluding but briefly to the relationship between the 
granophyre and the ‘tectonics’ of the district. The paper was 
really the first part of a study of the area, the second part of which 
would deal with the metamorphism. 

Dr. C. G. Curnts said that he had been interested to hear that, 
from a consideration of the granophyric structures of the mass, the 
Author had arrived at the conclusion that it must have been 
formed under conditions intermediate between the plutonic and 
the hypabyssal; and it had occurred to him that the accuracy of 
that conclusion might, to some extent, be tested in an interesting 
manner. The Buttermere and Ennerdale Granophyre was one of 
at least three masses of acid igneous rocks which, in that region 
of the Lake District, had been intruded into or against the Skiddaw 
Slate. The other two he had in mind were the Threlkeld (St. 
John’s) Microgranite and the Skiddaw Granite. Of these the latter 
had consolidated under typical plutonic conditions, the former 
under hypabyssal. In the case of the plutonic rock, the contact- 
metamorphic effects produced in the Skiddaw Slate were of the 
most striking character, the sediments having completely recrystal- 
lized for some hundreds of feet, at least, from the junction ; but in 
that of the hypabyssal rock the effects had been very slight, being 
limited to the hardening of the slate at the junction, so as to form 
a selvyage not more than a few inches thick. If the Buttermere 
and Ennerdale Granophyre had indeed been formed under conditions 
intermediate between the plutonic and the hypabyssal, it might 
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reasonably be expected that the contact-metamorphic effects pro- 
duced by it would also be of an intermediate character, and he 
suggested that a comparison of the three cases might perhaps 
afford evidence confirming the Author’s views. 

Mr. J. V. Exsprn drew attention to the fact that the Author’s 
interesting conclusions with regard to the influence of pressure 
upon the formation of a granophyric structure seemed to be opposed 
to those of Prof. Vogt, who, after an exhaustive study of analyses by 
Lagorio and others, had strongly expressed the opinion that even 
considerable differences in the depth at which consolidation takes 
place can have very little effect upon the eutectic composition. 
With regard to the occurrence of micropegmatite in the interior 
portion of the mass, this was what would be expected of the product 
of the final consolidation of the mother-liquor. The rule, however, 
did not appear to be universal, for an instance had come before the 
speaker's notice, in the enstatite-diorite of Carnedd Lleithr, near 
St. Dayid’s, in which the only pronounced micropegmatite seemed 
to occur quite on the extreme margin of the intrusion. 

Prof. Warrs expressed his regret at the Author’s absence and 
the cause of it. He remarked that Mr. Fearnsides was more or less 
responsible for the singularly-perfect photographs shown on the 
screen, which enabled hearers to follow with ease the necessarily 
somewhat technical descriptions embodied in the paper. Dr. Teall 
had been the first in Britain to direct attention to the part played 
by eutectics in rock-magmas, and had tabulated analyses of 
numerous micropegmatites showing that they had a practically- 
uniform composition. His conclusions had been driven home by all 
the most recent work on the crystallization of alloys. 

Mr. W. G. Frarnstpes, in the absence of the Author and in reply 
to Dr. Cullis, explained that the question of the metamorphism 
produced by the granophyre was stil sub judice and was being 
worked at by the Author. He commented upon the enormous 
extent of country which must be covered in the course of such 
an investigation ; but thought that, so far as the Author had gone, 
the metamorphism was certainly found to be of a type intermediate 
between that around the Threlkeld Micregranite and that of the 
Skiddaw-Granite aureole. As a further example of a tonalitic 
granophyre, in which the centre of the mass was finer-grained and 
more definitely and more minutely micropegmatitic than the 
margin, he would mention the rock-mass which was variously 
known as the Tan-y-grisiau Syenite and the Ffestiniog Granite : 
this is intrusive into the slates and flags which immediately 
underlie the Ordovician Volcanic Series of North Wales. In this 
mass also there is a tendency, for certain parts of the marginal 
granitic or granulitic portion, to lose its felspar and pass into a sort 
of secondary greisen. 
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I. Inrropvcrion. [C. A. M.] 


Axtsouen Carboniferous rocks form the rock-floor of the greater 
portion of the County of Dublin, they are so much concealed inland 
by Glacial Drift as to render their structure and relationships usually 
obscure. On the coast, however, they crop out in several very good 
sections, especially near Malahide, about 4 miles north of Dublin 
Bay, and at Rush, about 6 miles still farther north. The latter is 
the more extensive and interesting of these two. 

From the shore south of Rush village, extending northward past 
Loughshinny to within a mile of Skerries—a distance in all of 
about 5 miles —the Lower Carboniferous rocks are splendidly 
exposed: the outcrops being only interrupted occasionally, where 
the shore is covered by sand, or the Glacial Drift descends to sea- 
level. At the suggestion of Mr. G. W. Lamplugh, F.R.S., and 
tempted by the interesting character of the rocks themselves, I was 
induced (during a temporary residence in Ireland) to make a detailed 
examination of these beds. In order to understand the coast-section 
in full detail, a horizontal section of the beds, as shown in the 
cliffs and along the rocky shore, has been prepared for the whole 
distance on the scale of 1 inch to 10 feet.’ As, however, fossils 
have up to the present been collected only from the rocks near 
Rush, that is to say at the southern end of the line of section, the 
present communication will be restricted to that part of the area; 


1 The section does not pretend to absolute accuracy. ‘The base-line has been 
roughly measured on the ground with a 10-foot string weighted at one end by 
a stone, the details of the exposure being sketched in at the same time. But 
the scale is sufficient to allow of all the important beds being shown and 
the structure being recorded in considerable detail, while the horizons from 
which the fossils haye been obtained are thus fixed with much precision. ‘The 
thicknesses of beds, as given in the following pages, are calculated from the 
section and checked with the 25-inch map, ‘The margin of error should, 
therefore, not exceed 10 per cent. 
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but I hope to present an account of the remainder of the section in 
a future paper. : 

The description of these beds in the Explanatory Memoir of the 
Geological Survey of Ireland (Sheets 102 & 112)' seems to be the 
only detailed account that has hitherto been published. In G. V. 
Du Noyer’s section on p. 62 of that memoir, all the beds at the Rush 
end of the coast-section are lettered ¢ 4, except a small patch of black 
shale south of Brook’s End which is marked d J, and this notation 
agrees with that in the l-inch Geological Survey-map (Sheet 102, 
revised 1901); but d@4 is absent from the index of the map, and 
the beds so marked are coloured as though they were the ‘d3 & 
d4 (Millstone Grit & Yoredale Beds)’ of the index; while, to add 
to the difficulty of reading the map, the d+ areas are coloured to 
correspond with the ‘d 2 (Calp)’ of the index. It may be presumed, 
however, that the colouring, and not the lettering, indicates the 
current opinion of the officers of the Survey as to the age of the 
beds at Rush.’ 

The term Calp is used by the Geological Survey to include in 
this particular area both the true Calp (Middle Limestone) and the 
Upper Limestone, as the latter is believed to have taken on a 
‘calpy’ character here, and thereby to have become indistinguish- 
able lithologically from the Middle Limestone. 

Paleontology has hitherto been of little service in separating the 
beds, but, as will be shown below, Dr. Vaughan has now ascertained, 
from an examination of the fossils of the Rush sequence, that the 
same faunal succession is to be found, with slight modification, 
on both sides of St. George’s Channel, and he has been able to 
subdivide the beds into paleontological zones corresponding with 
those that he has already described from England and Wales. 


II. Generar Srrucrure anp Sequence. [C. A. M.] 


The Carboniferous beds of Rush are separated on the south, from 
the Ordovician and Old-Red-Sandstone inlier of Portraine* by the 
mouth of an estuary 13 miles wide, and on the south-east, from the 
somewhat similar rocks of Lambay Island* by 23 miles of sea. 


1 2nd ed. (1875) pp. 61-66. 

* On my making enquiries of Prof. Grenville Cole, F.G.8., who now has charge 
of the Irish Geological Survey, he has been good enough to explain how the con- 
fusion between lettering and colouring has come about. It appears that, when 
Sheet 102 was originally issued in 1859, certain outliers of ‘Coai-Measures’ 
(the Posidonomya-Beds) were coloured on it in the Rush area. When revised 
about 1875 the ‘Calp’ anticlinals along the coast were inserted, but without 
the removal of the letter d4. In the index the Calp is marked d3 & d4, and 
the Upper Limestone d 4 also. At a later revision the ‘Coal-Measure’ area 
was coloured ‘Millstone Grit & Yoredale, and some of the d5 marks were 
altered to d3, the margin showing ‘ Millstone Grit & Yoredale Beds’ as d3 
& d4. But d4 was allowed to remain on the Calp anticlinals, which now 
should have been lettered d2. Prof. Cole adds that it is intended to rectify 
the discrepancies in the map at an early date. 

* For an account of the rocks of Portraine and Lambay Island see C. I. Gar- 
diner & S. H. Reynolds, Quart. Journ. Geol. Soc, vol. liii (1897) p. 520, & 
vol, liv (1898) p. 135. 
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To the north, at Skerries and at Shenick’s Island, Llandovery Beds 
with a small patch of Old Red Sandstone are also found; conse- 
quently, the general structure of the Carboniferous rocks between 
Rush and Skerries, although complicated by much folding and by 
some faulting, must be that of a syncline. 

There is a general upward succession of the beds exposed near 
Rush, as they are traced from south to north; and the sequence, in 
descending order, is as follows :— 


| | 


Thickness | | 
STRATIGRAPHICAL ZONES. an PALMONTOLOGICAL ZONES. 
| Jeet. 
| 
= J 
| CyarHAxonra- | Limestones, sometimes | | 
Bens. cherty,containing chert- | | 
NBAIE Olas | || Upprr DrevnopHyiium- 
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with shale, and decom- 3 oe : 


posed locally into de- Subzone), 


calcified beds. 
(Gap, probably occupied in part by the 
horizon of the limestone of Curkeen Hill, ? 


Urver DipunoruyiLum- 


al | 
| mentioned on p. 294. Zone. | 
| Kare-Rocxs |Vhickly-bedded limestone, | 
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by thin calcareous dark 90) 


shales and thin lime- (? Upper) Semzvz4-Zone. 


stones, Some chert- 


Ne S43 


| seams. | 
[Gap] ? | 
Caruyan |Thickly- and thinly- | 
| Lutmsrones. bedded dark-grey lime- | | 
stones, occasionally 180 | >(? Lower) Semrnvr4-Zonn. 
| pebbly, with calcareous 
| flaggy beds. 
[Gap 7100 | Gap | 
| Feet. 
SupRA- Flaggy limestones some- | f 70 Lownr Seurvvra-Zone, 
Conatommrate| times pebbly, with) 100 | | 
Limustones. partings of black shale. | | 30 ) Urrer Syrineo- | 
rTHYRIS & LOWER | 
Rusu Conglomerates,  some- | (380 SeMINULA-ZONE, | 
Conatommrare| times very coarse, | 
Grove. | usually having a lime- 500 4 
stone-matrix and inter- | 
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| calcareous sandy flags. | 170 ree 
Passacu-Beps. |Calcareous sandy and 40 eer Cpe ENE S rtitt fc 
| shaly beds. | Doxa 
Rusu Snares. | Black slates, often cal- | 300 | aan 
careous and nodular, 1380 
Vv 


with occasional lime-' 


z ZONE. 
stone-bands & lenticles. : 
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| 1080 ] 4PHRENTIS 
(Ba se not seen.) 


The rocks will now be described in ascending order. 
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III. Duscrrprion or rue Rocks. [C. A. M.] 
(a) The Rush Slates and Passage-Beds (Zaphrentis-Beds). 


The Rush Slates are well exposed, when the tide is out, on the 
shore south and south-east of Rush. They consist of black and dark- 
grey, well-cleaved argillaceous slates, with numerous bands of dark, 
less perfectly-cleaved, calcareous slate, sometimes containing nodules 
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of impure limestone or intercalated with occasional well-defined 


bands of moderately-pure limestone. Their base is not exposed. 
The lowest beds visible are seen emerging from the sandy beach at 


the western extremity of the rocky aves e; and there is a general 


upward succession as the beds are followed along the coast, first 
eastward and then northward towards Rush Barbour, before 
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reaching which place they are seen to pass upwards into the Rush 
Conglomerates. The strike of the rocks on the southern shore (sce 
fig. 2, p. 280) forms a sigmoidal curve, and the beds are arranged 
in an elliptical basin followed on the north by an elliptical dome, 
the long axis of the basin running in an approximately cast- 
and-west direction and having an easterly pitch. The principal 
axis of the folding corresponds with the strike of the cleavage. 

At the western end of the outcrop, in the neighbourhood of the 
well called Tob berkilleen, and at a horizon about 200 feet 
above the lowest visible bed, there is a band of limestone [R 1 b|' 
containing a few fossils. It sometimes stands out from the 
neighbouring slates in small dome-like elevations, and can be traced 
as a broken and twisted band for some distance, until it becomes 
lost in a mass of nodules which seem to be the result of the 
disintegration of the limestone by the forces that produced the 
cleavage. A second well-defined limestone-band [R4«a] occurs 
some 150 feet above the first, and a third[ R64] is found about 
250 feet above the second. ‘Their peculiar outcrop will be described 
later. 

These lower beds of the Rush Slates (that is, up to the third lime- 
stone-band R 6b) have a curved strike and a rather low dip, usually 
from 10° to 20°. They form a low rocky shore, almost wholly 
below high-water mark, the argillaceous slates having a rather 
smooth aspect, while the more calcareous zones weather with ragged 
edges. ‘lo make out their general structure is an easy task; but 
the details give much more trouble, owing to the frequent obscura- 
tion of the bedding by cleavage, to the growths of seaweed on the 
rocks, and to the monotonous character of the beds themselves. 
Several fault-lines can, however, be traced in the slates; but the 
fractures all appear to have a very slight throw, and do not affect 
the general stratigraphy. 

Near the third limestone [R66] the coast-line changes in 
direction, and turns northward. This change is accompanied by a 
rapid increase in the dip of the beds up to 60° or 65°, and at the 
same time the curved strike straightens out so that the beds run very 
regularly in an east-and-west direction. This change in strike is 
naturally accompanied by some displacement of the beds, and 
accordingly a number of sub-parallel faults, with some connecting 
fractures, can be seen here running in a direction a little to the 
north of north-east; but their throw is insignificant, varying from 
a few inches to a few feet. A large nest of calcite, on the shore 
near high-water mark, marks the intersection of two of these faults. 
The strike of the beds is now at right-angles to the coast-line, and 
the scenic effect here is quite different from that of the beds on the 
southern shore. The rocks now present a series of sharp ridges 
running out to sea, steeply inclined on the northern or dip-face, and 
but slightly broken by the small cross-faults just mentioned. The 
ridges are separated from each other by sharply-defined gullies, where 


1 The notation R1%, R4a, ete. refers to the horizons as shown in the 
vertical and horizontal sections, and catalogued in the faunal lists, 
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sea-erosion has channelled out the softer and more argillaceous beds 
(see fig. 3, below). It should be noticed that the erosive action of 
the sea here follows the bedding-, not the cleavage-planes, this being 
due to the fact that while the soft argillaceous beds are still well- 
cleaved, the harder calcareous bands are only imperfectly fissile in 
the cleavage-direction. 


Fig. 3.—Upper Rush Slates, on the shore south of Rush Harbour, 
looking eastward. 


[The beds dip steeply northward, while the cleavage dips steeply in the 
opposite direction. The strike is east and west. The softer argillaceous 
beds are eroded, leaving the calcareous beds standing out as ridges. | 


The upper slates above the third limestone-band [R 6 6] are more 
calcareous than those below. Nodules and lenticles of impure lime- 
stone are found in them at many horizons ; while seams and beds of 
purer limestone which have resisted cleavage are occasionally inter- 
calated. About 480 feet above R64 is a prominent bed [R8 a], 
some 6 feet thick, composed of lenticles of limestone (one of them 
5 feet thick) embedded in a black slaty matrix. The slates con- 
tinue for about 360 feet above this zone, and then pass, after about 
40 feet of Passage-Beds, into the Rush Conglomerates. Pebbles in 
the upper portion of the Rush Slates, although decidedly rare, are 
occasionally to be found, and there is a l-inch seam {[R9a] of 
fossiliferous limestone containing numerous tiny quartz-pebbles as 
low down as 120 feet below the Passage-Beds. 


The Passage-Beds, about 40 feet thick, are intermediate in 
character between the Rush Slates and the Rush Conglomerates. 
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They consist of black shales, sometimes calcareous, interstratified 
with thin flaggy bands of sandy limestone containing quartz-pebbles 
and rock-fragments, for the most part of small size. Cleavage is 
beginning to die out, and is weak, except in the basal beds. 

Fossils have been collected from various horizons in the Rush 
Slates, and those sufficiently well preserved to be identified are 
recorded on a later page (p. 295). The lowest 200 feet have not yet 
yielded fossils; but they may be provisionally grouped in the same 
zone as the overlying beds. ‘Lhe beds between R14 and R8a seem 
to belong to the ‘Upper Zaphrentis-Zone (Z2-y)’ of Dr. Vaughan, 
their upper portion (R 64 to R& a) containing a typical ‘y’ fauna. 
From R8 a into the overlying conglomerates the beds are assigned to 
the ‘Main Syringothyris-Zoue’ (C). The typical fossil of all these 
beds is Zaphrentis cf. Phillipsi, Kdw. & H. 


Before passing on to the description of the Kush Conglomerates, 
the more striking effects of compression on the Rush Slates ought 
to be noticed. ‘lhe shallow basin of Lower Slates on the southern 
shore is crossed, as already stated, by cleavage striking nearly east- 
and-west, with the result that over the larger part of the exposures 
there is a marked discordance between bedding- and cleavage-strikes. 
Owing to the fact that the shales have yielded to compression more 
than the lmestone-bands, the latter have usually been crumpled at 
right-angles to the cleavage-strike, in order to reduce their horizontal 
extent. Fig. 4 (p. 284) shows the lobe-like extensions which this 
oblique direction of compression produces on the outcrop. It will be 
noticed that the detailed folding of the bed is quite discordant with 
the general dip. Occasionally the folding is so pronounced as to 
produce a slight inversion of the bed, and the concave surfaces are 
puckered into minute corrugations. ‘I'he crumpling dies out in the 
slates in a very few feet vertically above and below the crumpled 
bed. From a measurement, necessarily rough, of the surface of the 
limestone taken across the folding, it appears that 5 feet of lime- 
stone corresponds.to about 3 feet of slate; and, as this would 
represent the minimum compression, we may infer that the slates 
have been reduced by nearly one-half their original extent across 
the cleavage-strike. One effect of the compression on the slates is 
that their thickness will be found to vary if measured in different 
directions, being least where the bedding-strike coincides with 
the cleavage-strike, and greatest, where the two strikes are at right- 
angles.’ 

‘The augen-like nodules of impure limestone which are common in 


1 The peculiar stratigraphical features of these limestone-bands, although 
oceurring on a small scale and in other ways exhibiting considerable differences, 
are recommended to the notice of geologists interested in the much-debated 
structures of limestone-knolls. Substitute for the thin bands in the Rush Slates 
a massive but flexible limestone lying between masses of more compressible 
strata, and for the overlying Rush Conglomerates substitute a thick mass of 
Millstone Grit, and subject the whole to powerful compression: then one may 
expect as a result, that the surface of the limestone will be thrown into folds 
which would be locally unconformable to the adjacent strata, and that about the 
junction some brecciation may be looked for. 
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the slates aré so arranged, that their long axes lie in the direction of 
cleavage. Usually they are imperfectly cleaved, and their edges are 


Slates, showing the effect of oblique cleavage-strike 


the limestone. 


BEACH 


4a] in the Rush 
on the outcrop of t 


20 FEET 


Fig. 4.—Plan of a liimestone-band [ 
10 


tailed out into thin plates. Several 
adjacent nodules at one spot were 
found to measure as much as 36, 40, 
and 63 inches respectively along the 
cleavage, though none of them ex- 
ceed 7 inches across the cleavage. 
They are clearly deformed by the 
compression, but their length in 
comparison with their width is so 
great that it is difficult to regard 
them as of ordinary concretionary 
origin. Although it would be rash 
to dogmatize in the case of such 
rocks as limestones, in which con- 
cretionary structure is so common, 
and is no doubt the origin of many 
of the nodules at Rush, I am con- 
vinced that in numerous instances 
the lumps of limestone lying in the 
Rush Slates were once portions of 
bands that have been broken up by 
movement, which has squeezed the 
soft shale of adjacent beds into the 
interstices between the separated 
fragments. A reference to fig. 4 
shows that a mass of nodules is 
associated with the limestone-band 
R4a, and this the writer regards as 
a broken-up part of the band lying 
in a synclinal fold. Other instances 
occur of thin limestone-bands in 
the slates, shghtly oblique to the 
cleavage, being converted into a 
connected string of phacoids elon- 
gated along the cleavage - planes. 
In the higher part of the slates, 
where the dip is high, the lime- 
stones break up into phacoids which 
are, however, practically continuous 
one with the other. 


(6) The Rush Conglomerate- 
Group (Megastoma-Beds). 


These consist of numerous beds of 
very regularly - stratified conglome- 
rate, occurring singly or several 


together, and separated by narrow or wide intervals of sandy 
calcareous flags, sandy and pebbly limestone, and laminated shale, - 
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The most conspicuous of the conglomeratice bands usually vary from 
2 to 4 fect in width, while one [R 10] is nearly 12 feet thick. 
They dip steadily northward in conformity with the underlying 
beds at angles of 50° to 65°, and they are broken by numerous small 
faults, which are well displayed on the shore close to Rush Harbour 
(see fig. 6, p. 287). The included pebbles are, as a rule, fairly well 
water-worn, their angles and frequently their whole surface being 
rounded. In some bands the inclusions are small, not exceeding the 
size of a hazel-nut ; in others they are considerably larger; while in 
some beds very large pebbles abound, frequently exceeding 1 foot in 
length. One pebble measured 26 x 22 inches, another 32 x 14 x 10 
inches, and even larger ones could probably be found by more 
exhaustive search. They consist for the most part of white quartz, 
grits and slates of various colours, andesitic rocks, and limestone, 
and are usually embedded in a limestone-matrix in which corals, 
brachiopods, crinoid-fragments, and other fossils are not infrequent. 

With the exception of the limestone-inclusions, the origin of the 
pebbles is easily referred to the Ordovician and Silurian rocks of 
the neighbourhood. Such rocks are now found in situ at Portraine 
on the south, and near Skerries on the north. The limestone-pebbles, 
which predominate largely in some of the beds, present more 
difficulty. Although itis possible that a few of them may be derived 
from the Ordovician limestone of Portraine, the very great majority 
are undoubtedly of Carboniferous-Limestone age. Now, the Rush 
Conglomerates and the Pendine Conglomerate of South Wales are 
shown, by the zonal work of Dr, Vaughan, to be on the same 
horizon (Syringothyris-Zone). ‘The latter conglomerate also contains 
Carboniferous-Limestone pebbles, which are thought, from fossils 
found in them, to have ‘ been derived from a horizon probably not 
higher than a low part of the Zaphrentis-Zone.’' To regard the 
Rush Conglomerate-Group, like the Pendine Conglomerate, as an 
‘intra-formational conglomerate’ * in respect to its limestone- 
pebbles, seems to be on the whole the most satisfactory explanation 
of the presence of these inclusions. The few fossils found in 
them have, as yet, yielded no clear evidence as to the horizon from 
which they have been derived; but, so far as it goes, it implies very 
little or no difference of age. The occasional presence of small 
pebbles in these inclusions suggests, however, that they may be of 
contemporaneous or almost contemporaneous horizon, or may in 
some cases have been formed in situ. One limestone-inclusion, 
occurring as a lenticle 7 feet long by 44 feet wide, in a bed of very 
pebbly limestone [RK 117], must certainly have been formed in place. 

The conglomerates have greatly interfered with the action of 
the cleavage that has had so marked an effect on the Rush Slates. 
Not only are they quite unaffected by it themselves, but they have 
almost completely protected the beds intercalated in them, even the 


1 «Summary of Progress of the Geological Survey for 1904’ Mem. Geol. 
Sury. 1905, p. 44. 

2 Of. C. D. Walcott, ‘Paleozoic Intra-Formational Conglomerates’ Bull, 
Geol. Soc. Amer. vol. v (1894) pp. 191-98. 
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Fig. 6.—Sketch-map showing the faulting of the Rush Conglomerates 
at Rush Harbour. 
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Fig. 7.—Rush Conglomerates, near Rush Harbour, showing the size of the 
inclusions of Ordovician (or Silurian) rocks in the coarser conglome- 
rate-bands (Upper Syringothyris- and Lower Seminula-zone ). 
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fine shales being cleaved but occasionally, and then imperfectly. 
There is, moreover, very little good cleavage in any of the beds to the 
north of the Conglomerate-Group! for some distance, and then only 
on a small scale. 

Correlating the Rush Gonglomerate-Group on the evidence of the 
fossils, Dr. Vaughan regards the lower beds (about 160 feet) as 
probably belonging to the ‘Main Syringothyris-Zone, and places 
the upper beds (about 340 feet, commencing with the thick con- 
glomerate-bed [R10%]) in the ‘Upper Syringothyris- and Lower 
Seminula-Zone.’? This determination of their horizon brings out 
the interesting fact that these conglomerates are synchronous 
with the Pendine Conglomerate* of South Wales, and approach the 
horizon of the volcanic rocks of Weston-super-Mare.* It seems, 
therefore, probable that the Mid-Avonian disturbance and elevation, 
hitherto recognized only in the South-West of England and Wales, 
was not a local phenomenon, but was possibly part of a movement 
extending over a wide area. 

Another remarkable conglomerate intercalated in Carboniferous 
Limestones occurs on the coast at Point Lane, 23 miles north of Rush, 
between Loughshinny and Skerries, the contemporancity of which 
with the Rush Conglomerates is discussed in the Geological Survey- 
memoir (op. cit. p. 66). This question has yet to be investigated, 
but it seems likely that the Point-Lane Conglomerate will prove to 
be on a much higher horizon, 


(c) The Supra-Conglomerate Limestones. 


The upper boundary of the Conglomerate-Group has been taken 
at a 5-foot conglomerate bed {R11}, with a 14-inch pebbly band 
on its upper surface. The succeeding beds are for the most part 
thin, flaggy and shaly limestones, and dark calcareous flags with, 
especially towards the top, occasional thicker beds of limestone, 
sometimes 2 feet thick. They contain several pebbly horizons, and 
there is a 2-foot pebbly limestone [R 12d] near the top. The bed 
[R12¢] immediately overlying this contains plant-remains, but 
these are in so poor a state of preservation that Mr. R. Kidston, 
F.R.S., who kindly examined them, can only say of them that they 
have ‘a fern-like look.’ 

These limestones, etc. have the high northerly dip (60° to 65°) of 
the underlying group, and their outcrop terminates at the entrance 
to Rush Harbour. About 100 feet of beds are seen, 330 feet of which 
are assigned to the Upper Syringothyris- and Lower Seminula-Zone. 
No zonal fossils have been collected from the uppermost beds, which 
probably belong to the same zone. 

* It may be remarked, in passing, that this area appears to be the most 
northerly spot in the British Isles in which cleavage occurs in beds of so late 
a period as the Carboniferous. The occurrence of cleayage so far north may be 
connected with the deflection of the general lines of Armorican folding in the 
South of Ireland by the great mass of the Wicklow Granite. 


> ‘Summary of Progress of the Geological Survey for 1904’ Mem. Geol 
Surv. 1905, p44. z Ae 


oe Lloyd Morgan & 8, H. Reynolds, Quart. Journ, Geol. Soc. vol. lx (1904) 
p- 148, 
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(d) The Carlyan Limestones. 


These beds are separated from those last described by the entrance 
to Rush Harbour ; and, although a gap of only 200 feet divides the 
two series, there is a marked difference in the lie of the beds. On the 
south side of the harbour, the Upper Rush Slates, the Conglomerate- 
Group, and the Supra-Conglomerate Limestones have been dipping 
steadily at angles of 50° to 65°; while on the north side the 
Carlyan Beds ‘undulate at low angles, though with a general 
northerly dip. From this marked change of dip, and from the fact 
that the numerous small faults seen on the south side of the 
harbour are not traceable across the harbour-entrance, and that 
there is some disturbance of the beds, seaward, on the north side, 
it seems probable that there is a strike-fault here, though of no 
great throw, as the two sets of rocks correspond closely in lithological 
character, If there is no fault, the top of the Supra-Conglomerate 
Ne is about 100 feet below the horizon of the Carlyan 

eds. 

The latter consist of dark-grey, well-bedded limestone, and dark 
calcareous and argillaceous flaggy beds, which at several horizons 
are charged with numerous small fragments of slate and other rocks. 
They are quarried locally for building-purposes. They occupy a 
low rocky shore covered at high tide, and disappear northwards 
under the waters of Rush Bay at an angle of 15° to 20°, after 
exposing about 180 feet of beds. 

Fossils are by no means abundant, and the few that have been 
collected are unsatisfactory for zonal purposes. They probably 
belong, either to the Lower, or to the Upper Seminula-Zone. 


(e) The Kate Rocks. 


These are low weed-covered rocks, projecting from the sands of 
Rush Bay, and are only accessible at low tide. They are separated 
from the Carlyan Rocks on the south by 300 yards of sandy beach, 
and by nearly the same distance from the Cyathaxonia-Beds on the 
north. They comprise a set of thickly-bedded limestones, underlain 
and overlain by thin, laminated, black, calcareous shales and thin 
limestones. They contain moreover some chert-seams, and rock- 
fragments have also been found in the limestone. 

These beds are disposed in a rapid succession of sharp folds, 
which are often slightly overfolded, with the crests of the anticlines 
turned towards the north. Fig. 8 (p. 290) shows a section across 
these beds. Owing tothe complicated structure, the exact thickness 
of the beds has not been ascertained; but probably about 90 or 100 
feet are exposed, of which some 15 feet would consist of the thick 
beds. 

At present, fossil evidence is too meagre to allow of these beds 
being correlated precisely. They are, in all probability, intermediate 
in age between the Carlyan Limestones and the Cyathawonia-Beds 
now to be described. Their occasionally-included rock-fragments 
connect them with the former, and their chert-seams with the latter. 
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Fig. 8.—Horizontal section through Kate Rocks, to show the folding of the liniestones. 
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(f) The Cyathaxonia-Beds. 


These beds, which extend northward from 
the Bathing-Place, on the north side of Rush 
Bay, past Giant’s Hill and Brook’s End (where 
the section, so far as the present paper 18 con- 
cerned, finishes), are characterized by con- 
taining a highly-specialized coral-fauna in 
which species of Oyathawonia are dominant, 
and they form a special phase of the Upper 
Dibunophyllum-Zone which Dr, Vaughan pro- 
poses to call the Oyathawonia-subzone. The 
beds consist in part of evenly-bedded lime- 
stones with partings of shale, and in part of 
thin limestones, usually earthy-looking, and 
arranged in beds only 1 to 8 inches thick, 
though several such beds are often welded 
together to form one thick bed. Many of these 
thin limestones have a peculiar nodular- 
looking structure, which gives them an 
‘augen’-appearance that easily serves to dis- 
tinguish them from any of the beds hitherto 
seen in the Rush coast-section. Interstra- 
tified with them are frequent partings and 
beds of shale or shaly limestone, seams of 
chert, and occasional thicker pure limestone- 
bands, not of the‘ augen’-type, which, how- 
ever, do not often exceed 7 or 8 inches in 
width. 

The stratigraphical arrangement of the beds 
is interesting. Their strike is a little to the 
north of east, their dip is often high, and 
the beds are folded and sometimes inverted. 
Where they are first seen at the Bathing-Place 
they emerge from the shore in several small 
folds, of which one anticline is well exposed. 
In the little chff at the Bathing Place, there 
is a northerly dip at 80° and over, and two 
small thrusts are seen, intersecting at the 
foot of the cliff (fig. 9, p. 291). Some quite 
thin limestone-bands between the two thrusts 
are much contorted and shattered ; and some 
imperfect cleavage in the shales is noticeable, 
the cleavage dipping to the south. The beds 
pass up, in a few feet, into highly-contorted, 
decomposed shaly beds with included seams 
of chert. It will be shown presently that 
these are decalcified beds. They form a 
syncline beyond which the limestones again 
emerge, dipping southward at an angle of 40° 
to 50°, while two or three adjacent beds form 
the long cliff-slope that bounds the south side 


atl 


Fig. 9.—Cyathaxonia-Beds at the Bathing-Place, north of Rush Bay. 
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[The beds are nearly vertical, and two small thrusts are seen, hading in opposite 
directions. The beds at the bottom of the cliff appear to have undergone 
a greater amount of compression than the beds above, and thus have 
produced the effect of thrusts in the upper beds. | 


Fig. 10.—Cyathaxonia-Limestones on the coast at Giant's Hill, 
looking eastward. 


[The thinly-bedded limestones are nearly vertical. They are crossed by close 
parallel joints dipping southward, which appear to be of the nature of 
rough, imperfect cleavage-planes. | 
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of Giant’s Hill. Following these beds to the seaward face of 
Giant’s Hill, another good section in the Oydthaxonia-Beds is 
exposed. The rocks are here arranged in an asymmetrical anticline, 
the northern slope of which as far as Brook’s End is vertical, 
while the southern has a dip of only 35° to 45°; and in the core of 
the arch are several minor folds with a tendency to be overfolded 
or overthrust towards the north. The ‘ augen’-looking character 
of the thin limestones is well marked in many of the beds here. 

Returning now to the Bathing-Place, we can walk at low tide to 
the rocks seaward of it, and make a traverse to the north parallel 
with the section in the cliff. The beds are somewhat overturned at 
the commencement, but the structure is practically a simple syncline 
of which the central beds are unexposed through the drifting-in of 
sand. We begin with a horizon that can be followed to the cliff, 
and we end with a horizon that can be traced into the cliff; but 
the intermediate beds of the syncline are very different in the two 
parallel sections, Seaward, the beds are of the ordinary character 
previously described, that is to say they are for the most part 
limestones ; whereas all the limestones have disappeared from the beds 
of indubitably the same horizon in the cliff-section, where all that 
is left in lieu of the original rocks is a contorted, weathered, and 
ironstained mass of shale and chert, representing the insoluble 
residue of the beds after the removal of the calcareous matter. 
These decalcified beds have a thickness of apparently about 100 feet, 
which of course represents a much greater thickness of the original 
rocks. On each side of the syncline enclosing the decalcified 
material, the limestones are for some little distance rather rotten 
and partly decalcified, but the change to complete decalcification is 
more abrupt than would be expected. 

The excavation of limestone by underground water, the ‘ piping’ 
of chalk, and similar phenomena resulting in the local removal of 
limestone-beds, have of course long been known. The dwindling 
and disappearance of limestones by solution was discussed, from a 
theoretical standpoint, by Rutley in 18931; and in 1903 Mr. C. T. 
Clough’ described actual instances of their disappearance in High 
Teesdale, where the Great Limestone, 55 feet thick, is shown to have 
been often completely removed (especially along the outcrop) and 
replaced by 10 or 12 feet of soft siliceous clay (‘famp’). I have 
myself seen further instances of limestone-solution along the Dublin 
coast nearer Loughshinny; and it is probable that this effect is 
commonly produced on a large scale in many parts of Ireland. 
Indeed, the origin of many of the great Irish lakes, and even of the 
gulfs and bays, has been held to be the result of chemical solution 
of Carboniferous Limestone.” 

There are two small but interesting thrust-planes, in the black 
decomposed shales with cherts that form the southern margin of 
the decalcified beds described above. Their hade is very low, and 


1 Quart. Journ. Geol. Soc. vol. xlix (1893) p. 372. 
2 Geol. Mag. 1903, p. 259. 
3}. Hull, ‘ Physical Geology & Geography of Ireland’ 1878, pp. 198-209. 
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along them the beds have been pushed southward about 5 feet 
and 1 foot respectively, the upper thrust having the greater 
travel. These dislocations have evidently been produced since the 
decalcification, and they seem to be most easily explained as the 
effect of the movement of an ice-sheet in Glacial times. 

These black shales, in which cleavage is sometimes still recogniz- 
able, are correlated by the officers of the Irish Geological Survey with 
the Black-Shale Series of Loughshinny, but they almost certainly 
belong to a lower horizon. At Loughshinny a band crowded with 
Posidonomya Bechert occurs in the limestones some 70 feet below the 
Loughshinny Black Shales; whereas here the uppermost limestones 
are in the Cyathawonia-subzone below the zone of P. Becher. 

Dr. G. J. Hinde, F.R.S., has been good enough to examine three 
slices cut from the chert-bands in this locality ; one from the fresh 
unaltered chert, one from the partly-decalcified beds, and one 
from the completely-decalcified area. He finds in them various 
foraminifera (Hndothyra, Nodosinella, Trochammina, and Val- 
vulina?), Calcisphera (?), sponge-spicules, etc. The specimen of 
decalcified chert is distinguished by an absence of calcareous material 
and foraminifera ; and there are certain bodies in it which, although 
some of them may be cross-sections of sponge-spicules, have more 
the appearance of casts of simple forms of radiolaria. Dr. Hinde 
remarks that the chert-slices have a close resemblance to specimens 
in his possession from the River Hodder. 

The fauna of the Cyathaxonia-Beds is tabulated in the faunal 
lists (p. 297); and from Dr. Vaughan’s correlation it appears that, 
although these beds are represented in the South-Western Province 
of England and Wales, they correspond more closely, indeed precisely, 
with the limestones of Park Hill, Thorpe Cloud, ete. of the Midland 
Province of England. 


(g) Curkeen-Hill Limestone. 


Curkeen Hill does not lie on the coast, but is a locality inland, 
near an old quarry on the road from Rush to Skerries, near 
Loughshinny. A list of the fauna of its limestone-beds and their 
correlation are introduced here, because the beds occupy a gap in 
the Rush sequence ; and there was a unique opportunity during the 
present year (1905) of collecting fossils from them, owing to the 
lowering of the road at the top of the hill in order to reduce the 
gradient. The limestone is a rock of a lighter grey colour than 
the limestones seen at Rush. The Geological Survey-map indicates 
that the horizon of this limestone lies below that of all the rocks of 
the Rush section, although Jukes expressed in the Survey-memoir 
(op. cit. p. 66) his reluctance to accept this view on stratigraphical 
grounds. That his objection was well founded is now proved by 
the result of the zonal examination of the fossils, which shows that 
the Curkeen-Hill Limestone is of Upper Dibunophyllum-age (D,), 
though probably older than the Cyathawvounia-Beds of Rush. 
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IV. Summary or Conctusrons. [C. A. M.] 


The following is asummary of the most important points referred 
to in this paper. 

(1) The Carboniferous rocks at Rush consist of about 2500 feet 
of slates, conglomerates, and limestones, which range from the 
Upper Zaphrentis-Zone to the Upper Dibunophillum-Zone (Cya- 
thavonia-subzone). 

(2) The Conglomerates belong to the Syringothyris-Zone, and 
indicate that the Mid-Avonian elevation and disturbance recently 
noted at Pendine and Weston-super-Mare extended into Ireland. 

(3) There is a general upward succession of the beds from south 
to north, and the rocks have all been subject to severe earth- 
pressure acting from the south. Many of the beds are well cleaved, 
and the limestones have been thrown into many acute folds and 
are sometimes slightly overfolded. 

(4) Among the Cyathavonia-Beds local decalcification has caused 
the complete disappearance of a considerable thickness of limestones. 

(5) The limestone of Curkeen Hill is of Upper Didunophyllum-age, 
but probably of a lower horizon than the Cyathawonia-Beds of Rush. 


In conclusion, I wish to express my very great indebtedness 
to Dr. Vaughan for his ungrudging help in undertaking the 
examination and description of the fossils from these beds, and for 
contributing the following account of the correlation of the rocks 
at Rush; also to Dr. G. J. Hinde, Dr. Wheelton Hind, Dr. A. 
H. Foord, Dr. F. A. Bather, and Mr. R. Kidston, F.R.S., for assist- 
ance in determining certain of the fossils; and finally to Mr. C. 
Murray, B.A., of Dublin, for help in collecting the fossils. 


ViaPAuNan Lists,’ 9[A.,¥.] 


Tun Suares (Zarurenzts-Beds). 


Rib. Zaphrentis cf. Phillipsi. | Phillipsia s). 
Productus sp. (cf. Pr. rugatus). | 


R4a. Zaphrentis cf. Phillipsi. Athyris sp. (ef. A. Royssiz, 
Productus cf. Martini (2) mut. (3). 
Orthothetes et. crenistria (cf. Camaroiechia sy). (?) 
mut. Z,). |- Loxonema sp. (fragment).* 


Fenestellid. 
Fistuliporid, 


Spirifer ct. clathratus (1) 
Spiriferid (cf. Syringothyris 
cf. daminosa). 


Near { Zaphrentis cf. Phillipsi. 
R 4a. | Bellerophon sp.* 


Rda. Zaphrentis cf. Phillipsi. 
1 Tn addition to the fossils mentioned in the following lists, fragments of 


crinoids occur in some abundance throughout the sequence. 


2 Determined by Dr. Wheelton Hind, F.G.S. 
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R6a. Zaphrentis cf. Phillips?. H Athyrid. 
Bisuleate Spirifer. | 
RG6b. Zaphrentis cf. Phillips: Spirifer sp. 
(abundant). Syringothyris cf. laminosa. 
Amplexi-Caninia. Syringothyris sp. 
Chonetes cf. crassistria, Athyris cf. glabristria. 


Spirifer cf. cinctus, 
Dr. F. A. Bather, F.G.S., has kindly examined the crinoids obtained 
from this bed, and reports as follows :— 
‘The crinoids appear to be Actinocrinus and Platycrinus. One of the 
Actinocrinus seems to me to be A. polydactylus, Miller ; and the Platyerinus 


from the same bed resembles a young PJ. eapansus, M‘Coy.’ 


R7d. Zaphrentis cf. Phillipsi. 


R7e. Amplexi-Caninia. | Fenestelia (abundant). 
R8a, Zaphrentis cf. Phillipsi and Athyris cf. glabristria (for form 
variants. compare A. planosuicatd). 
Orthothetes cf. erenistria (ef. Monticuliporoid (with resem- 
mut. C), abundant. blance to Havosites parasitica). 
Spiriferid. 


Tou Concromerares (Micuerir cf. wecasroma-Beds). 


Re. Syringopora cf. ramulosa. Michelinia (2%) 


R9g. Densiphylloid Zaphrentis. 


R10b. Small Chonetes (see Note Orthothetes. 
under § VI, p. 300). Seminuloid Athyrid. 
R10c. Productus ef. concinnus (or Spirifer cf. striatus. 
Pr. cf. Martini ; specimen Spirifer sp, 
crushed). Athyris ct. glabristria. 
Schizophoria resupinatu. Fenestella. 
{Limestone-inclusion in R 10 gi — 
Large semireticulate Pro- | Schizophoria (7) 
ductus. 


Athyris cf. expansa. 
Orthothetes. | Athyris cf. glabristria.\ 
R10h. Syringopora cf. reticulata. 

{Limestone-inclusion in R 10 h:— 

Productus cf. concinnus. Seminula-like Athyrid. 
Productus cf. rugatus. | Phillipsia, \ 

R10). Carcinophylloid Clisiophyllum. 

R10k. Syringopora cf, reticulata. 

R10m. Syringopora cf. reticulata. {R10 m. (Loose block.) 


Michelinia cf. megastoma. Clisiophyllum aff, curkeenense, 
sp. noy.} 


Below Rlla, Glyphioceras sp.) 


* Determined by Dr. A. H. Foord, F.G.8. 
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Rlla. Syringopora ef. reticulata. | Chonetes cf. papilionacea. 
Michelinia cf. megastoma. Spirifer ef. striatus. 
Densiphyllid. Spiriferid (compare Syringothyris 
Lithostrotion cyathophylloides, | cf. laminosa). 

sp. nov. | Athyris ef. expansa. 
Carcinophylloid Clistophyllum. | Athyris cf. glabristria (4) 

Rilb. Syringopora cf. reticulata. Cyathophyllum cf. @. 

Michelinia cf. megastoma. Lithostrotion cyathophylloides. 
Amplexus sp. Careinophylloid Clisiophyilum (2) 
Densiphyllum. Athyris cf. eapansa. 

Rid. Lithostrotion cyathophyloides, sy). nov. 

Rllg. Syringopora cf. reticulata. Productus ef. concinnus. 
Amplexus sp. Chonetes cf. papilionacea. 
Lithostrotion eyathophylloides, Spirifer cf. striatus. 

sp. nov. | 

Rilh. Amplexus sp. | Productus cf. concinnus. 

Lithostrotion cyathophylloides, | Spirifer sp. 


sp, nov. | ’Syringothyris cf. laminosa. 


R12b. Productus cf. fimbriatus. 
Semireticulate Productus. | Niece eer antat 
Athyris cf. expansa (2) f° ©*Y *ragmentary. 

Rhynchonellid. 
{Precise horizon unknown, but certainly between R9e and R12 b:— 
Michelinia, mutation towards Beawmontia.} 


Ri2e. Land-plants (? ferns)—fragmentary. (Examined by Mr. R. Kidston, 
F.R.8.) 


{ Limestone-bed in Rush Harbour :— 
Pustulose Productus (cf. R17 a).} 


CaRLYAN Rocks. 


Rl4a. Productus ef. semireticulatus. Orthid. 
Chonetes sp. (convex papilio- Seminuloid Athyrid (?) 
nacean). 


Katr Rocks. 
R16b. Chonetes ef. papilionacea (?) | Orthothetes sp. (?) 


CYATHAXONIA-ZONE. 


Rlia. Amplexi-Zaphrentis (1) Productus margaritaceus. 
Lonsdalia (¢) Productus corrugatus. 
Cyathaxonia rushiana, sp.nov. Papilionaceous Chonetes, 
Productus concinnus. Orthid (Ihipedomella ’). 
Productus scabriculo-costatus. Orthothetes cf. radialis. 
Productus elegans (= Pr. punc- Spirifer bisulcatus (two variants), 

tato-fimbriatus). Spirifer triradialis, 
Productus fimbriato-pustulosus Straparollus ct. Dionysii.! 
(cf. Davidson, ‘ Monogr. Loxonema sp., ef. L. sulcatum.* 
Brit. Foss. Brachiopoda ’ 
Palxont. Soc. pt. v, 1861, | 


pl. xlii, figs. 1 & 2). 


| Determined by Dr, Wheelton Hind, F.G.8,_ 


Rlic. 


Rl7d. 
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Lithostrotion ef. cyatho- | 
phylloides, sp. nov. | 


eaward of R 17 ¢:—- 
Lithostrotion Phillips? (abundant). 
Productus semireticulato-longispinus. 


Amplexi-Zaphrentis, subgen. | 
nov. | 
Lithostrotion Phillipsi. 
Schizophoria resupinata 
(abundant fragments). 


Cyathaxonia rushiana, sp. nov. 

Productus aff. semireticulatus. 

Chonetes sp. (convex papilio- 
nacean), 


Bisulcate Spirifer. | 


Cladochonus sp. (?) 
Lithostrotion sp. (probably 
=R 21] specimen). 
Cyathaxonia rushiana, sp.nov. 
Aulophyilloid Clisiophyllum. 
Productus concinnus. 
Productus aff. scabriculus. 
Productus elegans. 
Productus pustuloso-fimbri- 
atus (cf. Pr. Youngianus). 
Productus margaritaceus. 
Chonetes sp. (convex papilio- 
nacean ). 


R 20 a (in chert) :— 


R2th. 
R21 d. 


. Laphrentis aff. Enniskilleni. 


Endothyra sp. | 

Nodosinella sp. 

Trochammina sp. | 
(Determined by Dr. G. J. 


Clisiophylloid Lithostrotion 
(convergent on L. cyatho- 
phylloides). 

Cyathaxonia (2) 

Productus costato-semireticu- 
latus. 

Productus elegans. 


Cymatiophyloid Clisiophyllid, 


Cladochonus cf. bacillarius. 
Cyathophyllum sp. | 
Amplexi-Zaphrentis (variant | 
convergent on Zaphrentis | 
aff. Enniskillent). 
Caninoid Clisiophyllid. | 
Densiphylluim. | 
Zaphrentis aff. Enniskilleni. 
Clisiophylloid Zithostrotion. 
Cyathaxonia rushiana, sp. nov. 


[May 1906, 


Lithostrotion Phillipsi. 
Campophyllid. 


d 

f 

Bisuleate Spirzfer (fragment). 
Seminula sp. 

Straparollus sp.' 
Hchinid-plates. 


Schizophoria resupinata. 
Fenestellid. 


Glyphioceras truncatum.? 


Schizophoria resupinata. 

Leptena ef. distorta. 

Orthothetes cf. radialis. 

Spirifer bisulcatus, 

Spirifer striatus (cf. Curkeen 
Limestone). 

Syringothyris subconica. 

Athyris glabristria (convergent 
on Martinia glabra). 

Camarophoria aff. isorhyncha 
(cf. Curkeen Limestone). 

Fenestellid. 

Phillipsia sp. (abundant). 


Calcisphera (?) 
Spines of echinoids, 
Spicules of sponges. 
Hinde, F.R.S8.) 


Productus hemisphericus. 

Chonetes sp. (convex papiliona- 
cean). 

Schizophoria resupinata. 

Syringothyris subconica. 

Spiriferid (ef. Martinia 


ovalis) 
fragment. 


noy. 
noy. 


Cyathaxonia rushiana, sp. 
Cyathaxonza contorta, sp. 
Semireticulate Productus, 
Spirifer bisulcatus. 
Syringothyris subconica. 
Athyris ct. expansa. 
Athyris planosulcata (2) 


Productus longispinus. 
Choneti-Productus (4) 
Schizophoria resupinata. 


* Determined by Dr. Wheelton Hind, F.G.S. 


* Determined by Dr. A, H. 


Foord, F.G.S. 
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R18d. Cyathaxonia rushiana, sp. nov. 


. 
R18 ¢. Amplexi-Zaphrentis, subgen. Productus ef. corrugatus 


nov. 

Cyathaxonia rushiana, sp. 
nov. 

Cyathaxonia contorta, sp. nov. 

Aulophylloid Clisiophyllum. 

Productus costato-semireticu- 
latus. 

Productus aff. scabriculus, 

Productus margaritaccus. 


R18b, Athyrid (?) 


(abundant fragments). 
Chonetes sp. (convex papiliona- 
cean). 
Orthothetes (2) 
EHuomphalus crotalostomus (2) * 
{ Endothyra sp. | 
Valvoulina (¢ 2 
In chert thes (0 [ ; 
J 


Sponge-spicules, 


(In chert) Radiolarians (?) Examined by Dr. G. J. Hinde, F.R.S. 


Curkprnn Limestone (correlated with the Upper Disvnopuyiivm-Zone), 


Lithostrotion cyathophylloides, mut. 
towards Koninckophyllum. 

Clisiophyllum curkeenense, sp. nov. 

Cyathaxonia contorta, sp. nov. 

Productus concinnus and variant 
towards Pr. pugilis. 

Productus scabriculo-costatus. 

Productus corrugatus. 

Productus fimbriato-pustulosus (ef. 
Davidson, ‘ Monogr. Brit. Foss. 
Brachiop.’ Paleont. Soc. pt. v, 
[SGlhepleeesliteni om meancerct. 
Pr. ovalis). 

Productus aculeato-fimbriatus. 

Chonetes sp. (convex papilionacean). 

Schizophoria resupinata (abundant) 
and variant towards Lhipido- 
mella. 

Leptena cf. distorta. 

Derbya (2) cf. senilis. 

Derbya anomala. 


VI. Account or THE FAuNAL SuccessioN AND CoRRELATION. 


Spirifer striatus and variants. 
Martinia glabra. 
Reticularia lineata (%) 
Athyris glabristria (convergent 
on Martinia glabra). 
Pugnax acuminatus. 
Camarotechia (2) cf. flexistria. 
Camarophoria att. tsorhyncha. 
Dielasma aft. hastata. 
Edmondia Lyeliti. 
Conocardium inflatwm. 
Bellerophon hiulcus. 
Euomphalus pentangulatus. 
Euomphalus latus. 
Platyschisma helicordes. 
Straparollus Dionysti. 
Naticopsis ampliata. 
Loxonema supremum. 
Orthoceras laterale. 
Vestinautilus carinifer. 
Planetoceras globatum. 


ee 


fA. VJ 


1. Fauna of the ‘ Zaphrentis-Beds’; (R16 to R8a). 


(i) Corals: 


The one feature of importance is the abundance of a small 


Zaphrentis, resembling 4. Phillips:, Edwards & Haime. 


With the 


exception of a few specimens of an ill-preserved Caninia-like 
form, Z. cf. Phillips is the only coral found. 


(ii) Brachiopods: 


The specimens are few and fragmentary, and consequently the 


1 Determined by Dr. Wheelton Hind, F.G.S. 
2 Deterinined by Dr. G. J. Hinde, F.RS. 
3 jetermined by Dr. A. H. Foord, F.G.S8. 
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following determinations are subject to a considerable error of 
identification. 


Productus ef. Martini ¢ (Sow.). | 

Chonetes ef. crassistvia (M‘Coy). | 

Orthothetes crenistria (Phil.), ef. mut. 
Z., and mut. C. 


Syringothyris ef, laminosa (M‘Coy) 

(Dav. pars). 

Athyris sp. (ef. A. Royssii, mut. 3). 
Athyris ef. glabristria (Phil.), and 
Spirifer cf. clathratus (1) M‘Coy. variant towards form of A. plano- 
Spirifer cf. cinctus, Keys., de Kon. sulcata (Phil.). 

| Camarotechia (!) 

Correlation of the ‘ Zaphrentis-Beds’ with the Upper 
Zaphrentis-Zone of the Avonian of the South-Western 
Province.—This correlation rests upon the following facts common 
to the two developments :— 


(1) The abundance of Zaphrentis cf. Phillips ; 
(2) The absence of Cyathophyllum, Lithostrotion, and Clisiophyllids ; 
(3) The absence or rarity of longitudinally-ribbed Producti. 


The abundance of Zaphrentis would indicate the upper division 
of the Zaphrentis-Zone. 


2. Fauna of the ‘ Michelinia cf. megastoma-Beds’ ; 
(R9eto R11A). 


{The typical characters are not, however, developed until R10 h.] 
(i) Corals: 


Syringopora cf. ramulosa, Gold. 

Syringopora cf. reticulata, Goldf. 

Michelinia ef. megastoma (Phil.). | 

Michelinia (mutation towards | 
Beawmontia). 

Amplexus sp. 


Densiphyllid. 

Lithostrotion cyathophylloides, sp. nov. 

Cyathophyllum cf. ¢, Vaughan. 

Carcinophylloid Clisiophyllid. 

Clisiophyliwn alt. eurkeenense, sp. nov. 
(a less-specialized variant). 


The association of Syringopora cf. reticulata, Michelinia, cf. 
megastoma, and Lithostrotion cyathophylloides, in abundance, forms a 
striking feature of this group of beds. Of these three corals, the two 
first-mentioned are confined to this zone, and the last of the three 
is only doubtfully represented in the Cyathaxonia-Beds. 


(ii) Brachiopods (subject to a considerable error of identi- 
fication) : 


Productus cf. concinnus (Sow.). | 

Productus cf. fimbriatus. 

Small  Chonetes (possibly 
papilionacean). 

Large Chonetes (convex papilionacean). 

Schizophoria vesupinata (Martin). | 


Orthothetes. 

Spirifer cf. striatus (Martin). 
Syringothyris et. laminosa ? (M‘Coy). 
Athyris ct. glabristria (Phil.). J 
Athyris ef. expansa (Phil.). 
Seminuloid Athyrid. 


young 


Correlation of the ‘ Megastoma-Beds’ with the Syrin- 
gothyris- and Lower Seminula-Zones of the Avyonian of 
the South-Western Provinee—tThis correlation rests upon 
the following facts :— 


(1) Michelinia ef. megastoma and Syringopora ef. reticulata are,in the South- 
Western Province, confined to C and §,, of which zones they are charac- 
teristic. 

(2) Lithostrotion is rare at the top of C, and becomes abundant at the base 
of 8). 
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(3) Certain structural characters of the variant of Clisiophyllum curkecnense 
are paralleled in the early Clisiophyllids from C-S, of the South- 
Western Province. 

(4) Productus cf. concinnus and Athyris ef. expansa are characteristic of C-S, 
in the South-Western Province. . 

(5) The entrance and abundance of convex papilionaceans is highly characteristic 
of O in the South-Western Province. 

(6) The entrance of fimbriate Producti, a striate Spirifer, and of Schizophoria 
in its typical form.? 


3, Fauna of the ‘ Cyathaxonia-Beds’; (R17, R21, 


and R18). 

(i) Corals: 
Cladochonus cf. bacillarius, M‘Coy. Clisiophylloid Lithostrotion. 
Amplexi-Zaphrentis, subgen. nov. Caninoid Clisiophylhd. 
Laphrentis aft. Luniskillent. Campopbyllid. 
Cyathophyllum sp. Cymatiophylloid Clisiophyllid. 
Densiphyllum. Cyathaxonia rushiana, sp. nov. 
Lithostrotion Phillipsi, Edwards & Cyathaxonia contorta, sp. nov. 

Haime. Aulophylloid Clisiophyllum. 


Cyathaxonia rushiana is highly characteristic, and occurs 
throughout; it is, therefore, a very valuable index. 

Cladochonus is also a striking fossil, but is apparently limited to 
a single bed (R 21 d). 

Ampleai-Zaphrentis and Zaphrentis aft. Enniskillent are not 
uncommon, and are important from the standpoints of evolution 
and correlation. 

The Chsiophyllids are all of a Caninoid aspect. 


(i) Brachiopods: 


Productus concinnus. | Choneti-Productus (?) 

Productus semireticulatus (Martin), | Chonetes (conyex papilionacean). 
and variants towards Pr. costatus,| Schizophoria resupinata (Martin). 
Sow., and towards Pr. longispinus,| Leptena cf. distorta, J. Sow. 


Sow. Orthothetes cf. radialis (Phil.). 
Productus longispinus, Sow. Spirifer bisulcatus, Sow. and variants. 
Productus scabriculo-costatus. Spirifer triradialis, Phil. 

Productus aff. scabriculus (Martin). Spirifer striatus (Martin). 


Productus  funbriato-pustulosus and | Syringothyris subconica (Martin). 
variant towards Pr. Youngianus, | Athyris glabristria (Phil.) convergent 


Day. on Martinia glabra, 
Productus elegans, M‘Coy (= Pr. | Athyris cf. expansa (Phil.). 

punctato-fimbriatus). | Athyris planosulcata ? (Phil.). 
Productus margaritaceus, Phil. | Seminula sp. 


| 


Productus corrugatus, M‘Ooy. Camarophoria aff. isorhyncha (M‘Coy). 


Productus hemisphericus, Sow. | 


1 I have already pointed out, in Quart. Journ. Geol. Soc. vol. lxi (1905) 
p. 296, that the subzonal index of Z, in the Avonian sequence differs rather 
considerably from Martin's type of Schizophoria resupinata. Since this leads 
to confusion, I have decided to reject Schizophoria resupinata, mut. Z,, as a 
subzonal index, and to replace it by Zaphrentis aff. cornucopie, which therefore 
becomes the index of Z,. The typical Schizophoria resupinata is only found in 
the South-Western Province at the very base of C, and no specimens hare, as 
yet, been recorded from any otber horizon. 


Q.J.G.8. No, 246. Y 
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The foregoing determinations are subject to but a small error of 
identification. 


Correlation of the ‘Cyathaxvonia-Beds’ with some 
part of the Upper Dibunophyllum-Zone of the Avonian 
of the South-Western Province.—For the purpose of cor- 
relation the facts may be marshalled thus :— 


(i) As regards the Corals :-— 


(1) Cyathaxonia and Cladochonus ave unknown in the South-Western 
Province. 

(2) Amplext-Zaphrentis and Zaphrentis aff. Lnniskillent abound in the 
upper D-beds of Oystermouth (Gower). 

(8) The Clisiophyllids are comparatively scarce, and do not exhibit a 
very advanced type of structure, the Caninoid type being predominant. 
They cannot be actually matched from the South-Western Province, but 


would appear to have reached at least as advanced an evolutionary stage 
as our D, forms. 


(ii) As regards the Brachiopods :— 


(1) With the exception of the fimbriate and pustulose Producti, the 
convex-papilionaceous Chonetes, Schizophoria resupinata,Athyris glabristria, 
Athyris cf. expansa, and Camarophoria aff. isorhyneha, the brachiopod- 
fauna of the Cyathaxonia-Beds may be said to be completely diagnostic of 
the upper D-beds of the South-Western Province. The. absence of the 
small Chonetes characteristic of « and the rarity of scabriculate Producti 
suggest, for the ‘ Cyathaxonia-Beds, a level at the top of D,, below the 
very top of the Avonian of the South-Western Province. 

(2) In the South-Western Province conyex-papilionaceous Chonetes and 
Athyris cf. expansa do not transgress D,. 

Fimbriate and pustulose Producti, as wellas Athyris cf. glabristria, have 
not been recorded above §,. 

Camarophoria isorhyncha (closely related, but not identical with the 
Rush form) is known only from the base of §,. 

Schizophoria resupinata is unknown above the base of C. 

Syringothyris subcontca is markedly convergent with Cyrtina septosa, a 
species which I have recently found in D, of Lydstep (Lenby). Regarded 
from an evolutionary standpoint, S. swbconica could be derived from the 
gens of S. cf. daminosa by convergence with Cyrtina septosa; Syringo- 
thyris cf. laminosa is unknown above §,. 


The whole evidence, when proportionally weighed, seems to point 
with the greatest probability to the Upper Dibunophyllum-age of 
the ‘ Cyathaxonia-Beds,’ but the exact position which they occupy in 
that subzone is not as yet absolutely fixed." 


* It is very important to appreciate the fact that, during the Upper Seminula- 
period, the whole of the South-Western Province was subject to special con- 
ditions, and therefore exhibited a limited and peculiar fauna. In © and S, we 
can watch the birth and early mutation of all the gentes characteristic of Upper 
Avonian time ; but, during the Lower Seminula-period, most of these groups 
were banished from the area, to continue their evolution elsewhere. Tt was not 
until the close of the Dibunophyllwm-period that the normal conditions were: 
restored, and the complete fauna returned. It is, therefore, impossible to study 
from the evidence presented by the South-Western Province alone, the mutations 
to which each gens was subject during 8, and D, time; and so too it is 


impossible to appreciate the exact time-value of the variations which can be 
observed in specimens from other areas. 
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Correlation of the ‘Cyathawonia-Beds’ with the 
uppermost beds of the Carboniferous Limestone on the 
south-western border of the Midland area.—During a 
short visit to Dr. Wheelton Hind, I had an opportunity of ex- 
amining the uppermost beds of the Carboniferous Limestone, 
under his guidance, at a considerable number of localities lying on 
the margin of the Limestone-mass. The actual thickness examined 
cannot measure more than a few hundred feet, and exhibited two 
types of faunal assemblage : 


(1) The rich brachiopod collecting-ground of Park Hill, Wetton, etc. 
(2) The Cyathaxonia-Beds of Bradbourne. 


(1) The Park-Hill fauna includes nearly all the brachiopods 
found in the ‘ Cyathawonia-Beds’ of the Rush sequence, and quite a 
large number of forms are undoubtedly identical. Corals are scarce 
at Park Hill, etc., but I found the same Aulophylloid Clisiophylium 
as that which occurs in R17f and R18c, near Wetton, and a 
Caninoid Clisiophyllid at Astbury, very similar to the specimen 
recorded from R21 d. 

(2) The Bradbourne Beds contain Cyathawonia rushiana and 
Ampleai-Zaphrentis, even more abundantly than the Rush Beds. 
A further point of resemblance is the occurrence of Cladochonus, 
which Dr. Wheelton Hind pointed out to me as characterizing the 
Bradbourne level. 

The relative position of these two types of strata in the Midlands 
is not, as yet, definitely settled; but, from an exposure near Kniveton, 
I am inclined to believe that the Bradbourne Beds immediately over- 
lie the Park-Hill Series, and this conclusion Dr. Wheelton Hind 
thinks probable, from a large experience of exposures at other points 
of the area. 

The correlation of the ‘ Cyathaxonia-Beds’ of Rush with the top 
of the Avonian in the Western Midlands is a fact beyond dispute, and 
so striking is the resemblance that it seems highly probable that 
the Rush and Western Midland beds belong to the same Province. 


4, The Carlyan and Kate Rocks; (R13 to R16). 


Fauna:— 
Corals: None. 
Brachiopods: 
Convex-papilionaceous Chonetes | Orthothetes (%) 


(abundant). Seminuloid Athyrid. 
Semireticulate Productus. 


Such an assemblage could occur at any level above Z in the 
South-Western Province. 
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5. The Curkeen Limestone. 


(See special faunal list, p. 299.) 
Analysis :— 


(i) Corals: 


Lithostrotion cyathophylloides, mutation towards Koninckophyllum 
(cf. K. @ of D,, South-Western Province), and Chstophyllum 
curkeenense both show marked development from the forms in the 
‘ Megastoma-Beds.’ 

Cyathaxonia contorta occurs also in the ‘ Cyathaxona-Beds.’ 

The Curkeen Limestone, therefore, should lie above the ‘ Mega- 
stoma-Beds’ and near the horizon of the ‘ Cyathaxonia-Beds,’ The 
stage of development suggests D.. 


(ii) Brachiopods: 


The Producti indicate a somewhat lower level than the 
* Cyathawonia-Beds.’ 


(1) Fimbriate or pustulose types are abundant. 


(2) Highly-developed scabriculate types are absent, as also are the most 
specialized members of the semireticulate group (such as Productus 
longispinus) and the characteristic Pr. margaritaceus. 


The Chonetes are convex papilionaceans. 

Schizophoria resupmata is very abundant, and exhibits much 
individual variation of form: all its varieties could, however, be 
matched from Wetton, Astbury, etc. 

Athyris glabristria also attains its maximum development, as it 
does at Kniveton in the Midland area, 

Oamarophoria aft. isorhyncha and Leptena cf. distorta, together 
with the three species just cited, are common to the ‘ Cyathamonia- 
Beds’ and the Curkeen Limestone. 

The Spirifers belong to the striate group, and are apparently the 
descendants of the forms which make their first appearance in the 
‘ Megastoma-Beds’ of the Rush sequence and in the Syringothyris- 
Zone of the South-Western Province. 

Martinia glabra is abundant: in the South-Western Province we 
only know this form from D, (Oystermouth Limestone); it is 
common in the Park-Hill fauna. 

Derbya anomala is identical with the Park-Hill form. 


General conclusion :—The Curkeen Limestone cannot occur 
at any considerable distance from the ‘ Cyathawonia-Beds, and, 


with great probability, lies immediately below them in some part 
of the Upper Dibunophyllum-Zone. 
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VII. Norns on turn Grnera AND SPECIES CITED IN THE 
Faunat Lists. [A. V.] 


If P be a generic name and ~& a specific name, P cf. w implies that, 
of all the named species of the genus P, «# is that one which 
presents the closest resemblance to the form denoted by P ef. «. 

By the use of this notation, it is further implied that there is 
no reason for believing that Px and P cf. w are links or 
appendages of the same chain of evolution (that is, Pv and P cf. « 
are not members of the same gens), 

P aff. @ is any one of the links or appendages of the chain of 
evolution which contains the named species Pw (that is, Px 
and P aff. « are members of the same gens), 

Px covet. Yy implies convergence or assimilation between two 
contemporaneous species belonging to distinct genera. 

Two cases of convergence are of common occurrence :— 


(1) A general structural convergence which affects, in greater or less degree, 
all the genera of similar organisms living at the same time (for example, 
the general adoption of a Clisiophyllidan structure by the D, corals). 
This phenomenon may be termed a time-trait. 

(2) A local convergence (or mimicry) by which the external form of two 
species belonging to distinct genera, but living in association, tends to 
become identical (for example, Martinia glabra and Athyris glabristria 
in the Curkeen Limestone). 


A compound specific term, such as Py, indicates any form 
which varies from the type-species Pv in the direction of the 
type-species Py; hence Pyx indicates an entire segment of a 
chain of evolution, extending from Px to Py, whereas Px and Py 
represent points only. 

The employment of compound terms is, in many cases, more 
appropriate than the creation of new species when we are dealing 
with large divisions of time, such as are implied in zones; and 
especially is this the case when the whole of the segment represented 
by Py lies entirely within the zone. 


BRACHIOPODS. 


Semireticulate and scabriculate Producti. 


Since I am now engaged upon the detailed study of this group, 
it will be sufficient here merely to schematize the lines of variation 
which are exhibited by the group in the Rush sequence. 

In the appended scheme (fig. 12, p. 306), an unmodified specific 
name denotes the type of the original author. 


Pustulose, fimbriate, and punctate Producti. 


The Producti of this group are all ornamented with numerous, 
regularly-arranged, short, radial, procumbent spine-bases. 
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The three fundamental types are :— 

Productus pustulosus, Phil.,’ Pr. fimbriatus, J. de 0. Sow.,” and 
Pr. punctatus (Martin).? Martin’s type of Pr. punctatus and 
Phillips’s type of Pr. pustulosus agree in the form of the two 
valves, and in the possession of numerous concentric bands, 
separated by sharp grooves. 

They differ completely in the nature and distribution of the 
spine-bases. In the type of Pr. pustulosus, the spine-bases are 
broad, well-spaced pustules arranged in concentric rows, each row 
ornamenting one of the concentric bands. In the type of 
Pr. punctatus the spine-bases are extremely numerous, small, and 
closely-packed, three to four concentric rows ornamenting each 
concentric band. (The spines which compose the uppermost row 
on each band are always larger than those of the lower rows.) 

The type of Pr. fimbriatus, J. Sow., has the following characters :-— 


(a) Pedicle-valve.—Form elongate and continuously convex, with a short 
hinge-line and arched beak. A small number of broad concentric ridges, 
separated by broad concentric depressions. Broad, well-spaced spine-bases ; a 
single concentric row of spines ornamenting each concentric ridge. 

(0) The brachial yalve is continuously concave. 


Variation (in so far only as specimens cited in this paper are 
concerned ) :— 


(1) Of Pr. pustulosus, in a direction diverging from the fimbriate 
and punctate groups.—Hereis included Pr. pyaidiformis, de Kon.,* the 
type of which exhibits irregular concentric wrinkles, feebly separated 
by irregular concentric ruts. Pyxidiform variants of Pr. pustulosus 
are not uncommon in the Cyathaxonia-Beds of the Rush sequence 
and in the Curkeen Limestone. They are intermediate between 
Pr. pustulosus and Pr. py«idiformis, the concentric banding being 
irregular, but the concentric grooves distinct. 


(2) Of Pr. pustulosus, towards Pr. fimbriatus.—All such variants 
may be included under the term Pr. fimbriato-pustulosus. Here 
is included Pr. ovalis, Phil.,° the type of which has an elongate 
fimbriate form (flattened over the median area of the pedicle-valve); 
concentric grooves are very indistinct, and the spine-bases narrow. 
One of the forms from the Curkeen Limestone approaches very 
close to Pr. ovalis, differing only in the more marked separation 
of the concentric bands, 


(3) Of Pr. fimbriatus, towards Pr. punctatus (= Pr. punctato- 
fimbriatus).—Were is included Pr. elegans, M‘Coy,® the type of 
which is, in all respects of form and banding, a pure fimbriate 


1 «Geology of Yorkshire’ vol. ii (1836) pl. vii, fig. 15. 

2 Min. Conch.’ vol. v (1825) pl. cecelix, fig. 1. 

5 ¢ Potrificata Derbiensia’ 1809, pl. xxxvii, fig. 6. 

* «Monographie du Genre Productus,’ Recherches sur les Animaux fossiles, 
pt. 1 (1847) pl. xvi, fig. 2. 

5 ‘Geology of Yorkshire’ vol. ii (1836) pl. viii, fig. 14. 

6 «British Paleozoic Fossils’ 1855, pl. in H, fig. 4. 
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Productus, but the spine-ornament is exactly that of Pr. punctatus. 
This group is represented in the Cyathaxonia-Beds by a common 
form which appears to be identical with Pr. elegans. 

In the Upper Dibunophyllum-Zone of the South-Western Province, 
a closely-similar, but larger, form is equally characteristic of the 
uppermost Avonian. 

The specimen figured by Martin under Pr. punctatus,’ as well as 
Phillips’s figure of Pr. fimbriatus,” must be described as examples 
of Pr. punctato-fimbriatus, intermediate between Pr. fimbriatus and 
Pr. elegans. 


A single specimen of a very peculiar fimbriate Productus was 
found by Dr. Matley just above the Megastoma-Beds, 

The form and concentric banding are exactly those of Pr. fim- 
briatus, but the spine-bases are few, scattered, and usually erect. 
The relationship of such a form is very obscure, but probably it 
represents a link between the fimbriate and the aculeate Product. 
The specimen is figured under the name Productus cf. fimbriatus, 
PIVXXX, fe. 6: 


Propuctus MARGARITACEUS, Phil. | 


This Productus is highly characteristic of the Cyathaxonia-Beds, 
and it occurs at the same level, both in the South-Western Province 
and in the Midland area. 


Propucrus corrueatus, M‘Coy. 


Specimens which appear to be identical with M‘Coy’s type* 
occur in the Curkeen Limestone and in the Cyathavonia-Beds of 
the Rush sequence. The same form occurs in the Upper Dibuno- 
phyllwm-Zone of the South-Western Province. 


Chonetes. 
Convex papilionaceous Cuonzres. 


The fragmentary nature of the specimens which have been col- 
jected from the Rush sequence forbids any more definite determination. 
This circumstance is much to be regretted, since, with the valuable 
help of Mr. T. F. Sibly, I have been carefully studying the mutation 
of this group, from early Syringothyris-time up to its acme of 
developmentin the Lower Dibunophyllwm-Zone. The investigation 
depends upon the patient accumulation of specimens showing 
the internal characters. The material that we have already collected 
indicates the gradual change, from Orthothetoid convergence in 
Lower Syringothyris-time to the most pronounced Productoid con- 
vergence in Lower Dibunophyllum-time, as exhibited in Producti- 
Chonetes (= Daviesiella, Waagen) aff. comoides* of the South-Western - 
Province. 


‘ Petrificata Derbiensia ’ 1809, pl. xxxvii, figs. 7 & 8. 

‘Geology of Yorkshire’ vol. ii (1836) pl. viii, figs. 11 & 12. 
‘Synopsis Carb. Limest. Foss. of Ireland’ 1844 pl. xx, fig. 18. 
A. Vaughan, Quart. Journ. Geol. Soc. vol. 1xi (1905) p. 299. 


1 
2 
3 
4 
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ScuizoPHoRIa RESUPINATA (Martin). 


This gens occurs rarely in the Megastoma-Beds, but abundantly 
in the Cyathaxonia-Beds and in the Curkeen Limestone. 

In the upper beds, the gens strikingly exhibits that exaggeration 
ot characters which so frequently indicates approaching extinction. 
Great size and massive test, periodicity of ribbing accompanied by 
the development of prominent spines, numerous strongly-marked 
growth-lines producing conspicuous concentric ornament, deep sul- 
cation of the brachial valve, and coarse longitudinal grooving (as 
in the Choneti-Productids of the same period), are among the most 
striking of the external characters. As regards internal characters, 
the muscular scars are deeply impressed and of large size ; the cast 
exhibits strong, sharp, longitudinal ridges and a coarsely-punctate 
margin. 

In the South-Western Province, as already noticed, no typical 
specimens of Schizophoria resupinata have yet been found in the 
Upper Avonian; the Lower Syringothyris-Zone is the only level at 
which typical examples are abundant. The early variant which 
characterizes Z, of that area is distinguished from the type-species 
by its small size and non-sulcate globose form. 

On the other hand, every variation exhibited by the gens in the 
Cyathaxonia-Beds of Rush and in the Curkeen Limestone could be 
matched in specimens from the Wetton and Park-Hill Beds of the 
Midlands. 


ScuizopHoria ! sp. 


In the Curkeen Limestone, and associated with Schizophoria 
resupinata, occurs a small Orthid, which has a globose brachial valve 
and a flattened pedicle-valve. The hinge-line is short, as in a 
Rhipidomella, and the ribbing is of the type characteristic of that 
genus. 

A closely-similar form occurs in the uppermost Avonian of 
Ragwen Point, near Tenby. 


Orrnorneres (DrrBya) sentiis (Phil.), var. (?) 4Nomata (J. Sow., 
pars). 
Compare Derbya ruginosa, Hall. 

Specimens are not uncommon in the Curkeen Limestone which 
have the characteristic billowy contortion; when sectioned, the 
pedicle-valve exhibits the strong mesial septum which is diagnostic 
of Waagen’s genus Derbya. ? : 

Exactly-similar specimens are common at Park Hill (Midland 
area). At the base of D,, in the South-Western Province, a 


1 This shell might equally well be termed a Rhipidomella. It is very 
doubtful whether, in the Carboniferous rocks, the distinction of Fehiptdomella 
from Schizophoria can be considered to have generic value. There are 
certainly a large number of shells which can only be assigned to either 
genus, rather than the other, by unduly weighing one or other of the 
differences that are to be seen in the typical forms of Schizophoria resupinata 
and Phipidomella Michelini. 
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transverse Derbya occurs somewhat abundantly ; it has strong con- 
centric ruts, but never exhibits the remarkable contortion of Derbya 
anomala. 


Lerrmna cf. pistorta, J. Sow. 


The dependent margin of the pedicle-valve is practically smooth, 
narrow, and deeply sinuated. The double-valved shell is biconvex, 
since the margin scarcely projects below the brachial valve. 

This form occurs rarely in D, of the South-Western Province. 


Spirifers. 
Gens of SprIrRiIrER BISULCATUS, Sow. 


Figs. 13 & 14 in pl. vi, Davidson,! represent very closely the com- 
monest type found in the Cyathawonia-Beds of the Rush sequence. 
The flank-ribs, however, increase very markedly in strength as they 
approach the fold or sinus, after the pattern of Sp. grandzcostatus, 
M‘Coy. 

The same form occurs abundantly in D, of Gower (South- 
Western Province). 


Gens of SprrrreR striatus (Martin). 


Without undertaking the much-needed revision of the striate 
Spirifers, it is necessary to enumerate the most obvious of the 
characters exhibited by Martin’s type-figure. 

Broad, rectangular area, forming the widest part of the shell. 
Small, sharp, bicrested beak, recurved like a hook over the top 
line of the area. Both valves completely and sharply ribbed ; the ribs 
are very numerous, and arranged in pairs or groups, radiating from 
the umbo of each valve; the ribbing on fold and sinus is on the 
same pattern as that of the flanks; the margin of the fold is non- 
truncate. 

The Spirifers figured in Davidson, op. cit. pl. ii, and pl. iii, figs. 2, 
4, 5, are probably all members of this gens; I should also include 
here such forms as pl. iv, fig. 4, and pl. vii, figs. 8 & 9.2 Spirifer 
planicosta, M‘Coy, should, I think, be excluded from this gens, and 
yet not included in the gens of Sp. trigonalis. 

The predominant form in the Curkeen Limestone is very similar 
to the forms illustrated in Davidson, op. cit. pl. ii, fig. 17, and in 
pl. ili, fig. 5. 

A well-marked variant, which resembles Davidson, op. cit. pl. vii, 
fig. 8, and pl. iv, fig. 4, is remarkable for its few very coarse and 
angular ribs, which split into groups of shorter ones as they traverse 
the valves. The same variant occurs in D, of the South-Western 


Province, and is there also associated with a normal member of the 
gens. 


* ‘Monogr. Brit. Foss. Brachiop,’ (Paleont. Soc.) pt. v, 1858-63. 

* The inclusion of a particular form in a certain gens must be decided by 
the constancy of its association (or time-sequence) with a recognized member 
of the gens, and not by the possession of one or more striking characters which 
may have been artificially set out as an exclusive test of membership. 
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SYRINGOTHYRIS suBCcoNICcA (Martin). (Pl. XXX, fig. 7.) 


Characters of the pedicle-valve.—Form pyramidal. The 
area is a plane-triangle; the beak marks the apex of the area, but 
does not curve over it; deep angular sulcus, without ribs ; the flanks 
are ornamented by seven or eight sharp, perfectly-radial ribs, which 
have a strong laminose concentric ornament. 

This shell is a characteristic fossil in the Cyathawonia-Beds of 
the Rush sequence, and is apparently not uncommon. ‘The speci 
mens from Rush appear to agree exactly with Martin’s type-figure.’ 

A similar form (which, however, differs in the depression of the 
mesial fold) is figured by Davidson 2 from Wetton, and, judging 
from the numerous specimens in Dr. Wheelton Hind’s collection, 
the form is common at Castleton. 


In the South-Western Province only two specimens of a Syringo- 
thyris have yet been discovered in the top beds, and these must both 
be named Syringothyris cf. cuspidata, 

Syringothyris cf. laminosa (Z, to 8,) differs markedly in its 

regularly-concave area (it has consequently a strongly Spiriferina- 
like aspect). 


Marrinza 6iaBra (Martin). 


This is an abundant fossil in the Curkeen Limestone. The 
predominant form is more transverse than Martin’s type-figure 
(op. supra cit. pl. xlviii, figs. 9 & 10), and agrees more closely with 
the form figured by Davidson (op. supra cit. pt. v, pl. xi, fig. 3). 

In the South-Western Province, Martinia ylabra is only found 
in D,, where it is locally very abundant (Oystermouth Beds, 
Gower) ; it is also very common in the uppermost Avonian of the 
Midland area. 

There is, in the Curkeen Limestone, a very striking convergence 
between <Athyris glabristria and Martinia glabra, both of which 
are extremely abundant there. They both possess the same contour 
and general convexity; the same broad, gentle, mesial swelling 
and shallow mesial depression; and the same broad and rounded 
beak-region. The widely-distinct generic characters can, however, 
always be made out by careful examination. 

The test of the Athyris is completely fibrous, and has a ‘ matt’ 
surface ; that of the Martinia has a translucent lustre, due to the 
character of the minutely-punctured outermost layer. 

When the beak is completely exposed, the Martinia has a tri- 
angular area and a short, straight hinge-line; the Athyris has no 
area, and the hinge-line is proadly angled. 

If the test be removed from the rostral region, the Martinia is 
seen to have no dental plates; but the cast is marked by several 
very strong, sharp, radiating ridges, which stand up like septa. The 


1 « Petrificata Derbiensia’ 1809, pl. xlvil, figs. 6,7, & 8. 
2 *Monogr. Brit, Foss. Brachiop.’ (Paleont. Soc.) Appendix, 1863, pl. li. 
fig. 4. 
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Athyris has very strong, slightly-diverging dental plates, and the 
radiating ridges on the cast resemble low ribs. 


ATHYRIS GLABRISTRIA, A, EXPANSA, and A, PLANOSULCATA. 

T have recorded Athyris glabristria from various levels throughout 
the Rush sequence. . 

Athyris expansa is common in the Megastoma-Beds, and a single 
specimen is recorded from the Oyathawonia-Beds. 

Our knowledge of Athyris is, unfortunately, very incomplete, 
owing to the rarity with which specimens exhibit unweathered 
expansions. The distinction between a sheet-expansion—built up 
of tubular ribs webbed together, as in Actinoconchus, or the group of 
Athyris planosulcata, Phil., and a fringed expansion—in which the 
free margin of the expansion is composed of completely-detached, 
flattened, tubular spines, as in Cliothyris, or the group of Athyris 
pectinifera (Sow.), has been found to be of little assistance in the 
determination of specimens such as are usually met with in strati- 
graphical work. Specimens showing expansions are only to be found 
on weathered surfaces, and the continued weathering of a sheet- 
expansion removes the web faster than the thickened rib, thus 
producing a fringed margin. Unless I have been extremely un- 
fortunate, this is the common case with specimens of Athyris plano- 
sulcata. The fringed Athyrids from the South-Western Province 
have been very carefully examined by Mr. T. F. Sibly and myself, 
and we have arrived at the definite conclusion that, with the probable 
exception of A. cf. pectinifera from D, of Gower, the detached 
spines never extend to the suture-line of the expansicn, but they 
always spring from a more or less narrow basal lamella. Again, 
oue part of the shell may appear to have fringed expansions, whereas 
the expansions in another part may be lamelle, without any sign 
of fringe. 

On the other hand, Seminula is usually separated with ease, by 
the absence of any trace of expansion and the terebratuliform lines 
of growth. 

For these reasons, ‘Athyris’ is here employed to 
cover all those Athyrids the expansions of which are 
either actually fringed, or may become so by wea- 
thering. It follows that ‘species ’-distinction becomes little 
more than form-denotation; the species-groups thus made are, 
therefore, in the nature of ‘circuli,’ and are, from a stratigraphical 
point of view, of little value. 

The terms are here employed in the following sense :— 

Athyris = Athyrids which exhibit fringes (either original or 
produced by weathering). 

A. glabristria, Phil., has a gibbous, transverse form, with a 
broad mesial swelling and shallow depression; the beak is thick, 
with rounded slopes. The accentuation of the mesial swelling into 
a strong fold, standing out from the flanks, is, apparently, in the 
South-Western Province, distinctive of the Z, forms. 

A. expansa, Phil., has a flattened, very transverse form with 
almost uniplanar valve-intersection and a non-prominent beak. 
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In the South-Western Province this form is very abundant, and 
characteristic of C and §,.” 

A, planosulcata, Phil., has a circular and uniformly-convex form, 
with a small pointed beak and uniplanar valve-intersection. The 
typical form is abundant only in the highest beds of the Avonian. 


Camaropnorta aff. isoruynoua (M‘Coy). 


This fossil occurs, both in the Curkeen Limestone and in the 
Cyathaxonia-Beds of the Rush sequence. It differs from the form 
recorded by Mr. Sibly from 8, of the Weston area,” in having more 
numerous ribs (which have a less outward sweep), and in the more 
restricted lateral lunules. It differs from M‘Coy’s type® in being 
much more compressed in thickness. 


Camarora@cuta (?) aff. rrexistrra (Phil.). 


A single specimen from the Curkeen Limestone has its fold 
scarcely differentiated, and the fold-ribs not appreciably larger than 
those on the flanks. 


CORALS, 
Syrineorora cf, reticuLara, Goldf. (Pl. XXIX, fig. 1.) 


The tubes are in parallel grouping, and, in a vertical section, at 
about the diameter of a tube apart. The connecting-tubes are 
short, and occur at points of approximation. 

Ina chance horizontal section, the number of actually-connected 
rings is relatively small, but the more closely-approximated pairs 
indicate the presence of a connector within a short distance of the 

_plane of section. 

In the Rush sequence this Syringopora is common in, and 
characteristic of, the Megastoma-Beds. 

In the South-Western Province a very similar form occurs 
somewhat commonly in the Syringothyris and Lower Seminula- 
Zones, with which the Megastoma-Beds are here correlated. I 
know, however, a practically-identical Syringopora from the Main 
Limestone of Durham, a level which, judged by the associated fauna, 
is unquestionably of Dibunophyllum-age.* 

In my account of the Bristol sequence’ I have pointed out that 
the ‘species’ of Syringopora are of the nature of circuli; con- 
sequently a correlation of two levels in distant localities, based 
upon the similarity of the dominant Syringoporids, is partly 
valueless. Qn the other hand, in the examination of a single area, 
particular forms of Syrimgopora may be of great value. 

Stated broadly, dimensional variation is a function of 
environment, whereas the degree of structural com- 
plexity is dependent on the earlier history of the 
gens, and is, consequently, a function of the time. 

1 7. F. Sibly, Quart. Journ. Geol, Soc. vol. 1xi (1905) pp. 556, 557, 

2 Ibid. p. 557. 

3 ‘Synopsis Carb. Limest. Foss. of Ireland’ 1844, pl. xviii, fig. 8. 

* Specimens from Durham have been kindly submitted to me for examination 
by Mr. J. I. Stobbs, F'.G.S, 

5 Quart. Journ. Geol. Soc. vol. xi (1905) p. 267. 
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Zarurentis cf. Pururpsi, Edwards & Haime. 
See Vaughan, Quart. Journ. Geol. Soc. vol. Ixi (1905) p. 269 & pl. xxii, 


figs. 2-2 e. 
The points of resemblance with Zaphrentis aff. Phillipsi, which 
characterizes Z in the South-Western Province, are :— 


(1) External form and dimensions. 
(2) As seen in a horizontal section :— 
The spacing and number of the primary septa. 
The rudimentary development of secondary septa. 
The strong fossula, occupied by a long fossular septum. 
The antifossular group of septa, bounded below by the elongation 
and union of the two extreme septa, and marked off from the 
fossular group by rudimentary lateral septal breaks. 


The differences, are, however, strongly marked in the following 
characters of the Rush Zaphrentis :— 


The septa composing the fossular groups are directed towards the centre, 
and not towards the walls of the fossula ; the fossula is, consequently, bounded 
by a single septum on each side, and is narrowly rectangular in section. 

The middle of a horizontal section exhibits concurrent septa, whereas, in the 
Zaphrentis of the South-Western Province, the inner ends of the septa are 
merged into a dense central disc, formed by the intersection of the plane of 
section with one of the tabulz. 


In these differences Zuphrentis cf. Philliipst makes an approach 
towards Z. aff. Enniskilleni (see p. 315), but the latter exhibits the 
following distinctive characters :— 


(1) The tendency of the antifossular septa to fall short of the centre ; 

(2) The fossula lies on the concave side of the coral, whereas, in Z. cf. 
Phillipsi, it is, apparently, always on the convex side ; 

(3) The absence of a long fossular septum ; and 

(4) The larger dimensions. 


— ; Two rather striking peculiarities are 
Fig. 13.—Zaphrentis commonly exhibited by variants of the Rush 

of. Phillipsi, E.g H., Zaphrentis :— 

varvant towards Z. (1) A marked development of an antifossular 

Bowerbanki, E.G H., break, which strongly resembles the fossular 

showing the ¢ross- break. : 

section of the axial This character is also exhibited, though less 

a commonly, in the Zaphrentis of the South-Western 
tube. fi om the La- Province (see pl. xxii, fig. 2¢, op. supra cit.) 
phrentis - Beds of pana fh 

aie (2) The frequent development of an axial tube 

caused by the wrapping-round of the septa. 

In this character there is a distinct approximation 
towards Z. Bowerbanki, Edwards & Haime, but the 
Rush coral is always separated by its short conical 
form, and by the fact that the antifossular septum 
does not extend into the axial tube (see fig. 18). 


More information is required as to the 
tabule of the Kush Zaphrentis, but this can 
only be obtained from good vertical sections. 
Range.—The Zaphrentis-Beds only. 
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ZaPuReNtis aff. Enniskrtuent, Edwards & Haime. (Pl. XXIX, 
fig. 2.) 


This gens includes a large number of closely-related forms which 
occur abundantly in the uppermost Avonian, and are diagnostic of 
that level. 

The form is always conical and usually cornute. 

The septa are strongly separated into three groups, namely, 
two fossular groups and one antifossular group. The fossula is 
extremely-well developed, and the lateral breaks are usually very 
strong. The tabule are, however, Amplexoid; the fossular septum 
is either absent or very short. 

To this gens may be referred the corals figured by James 
Thomson in his pl. vi, figs. 4 & 10." 

Specimens are common in the Cyathawonia-Beds of Rush, and 
at the same level at Bradbourne (Derbyshire). In the South- 
Western Province the gens is equally prolific in the uppermost 
Avonian of Gower.” 


AMPLEXI-ZAPHRENTIS (Subgenus noy.). (Pl. XXIX, fig. 7.) 


Thomson, Proc. Phil. Soc. Glasgow, vol. xiv (1882-83) pl. vi. figs. 3, 9, 
& 13. 


Form.—Conical, straight or curved. 

Septal characters exhibited in a horizontal section.— 
The septal grouping is remarkably different at different stages of 
growth in the same individual : 


(1) In the early stage. The septa are few in number and so closely approxi- 
mated that the interspaces are extremely narrow; they are attached to the 
thick wall by very broad bases, and taper gradually towards the centre without 
bending. 

The symmetry is strongly bilateral, the axis of symmetry being defined by 
two collinear septa which are respectively the longest and shortest of the septal 
series. 

(2) In the intermediate stage. Many of the septa become shorter; broad 
tabule are developed ; and a fossula is marked out, both by a break in the septal 
series, and by a shallow depression of each tabula. 

In this stage two lateral and opposite septa often stretch across the corallum 
to meet in the centre, and separate an antifossular group of short septa from 
the two lateral groups on either side of the fossula. At the same time, broad 
lateral gaps may be developed in the septal sequence. Fig. 7 (Pl. XXIX) 
illustrates a variant of this description, and a comparison of the figure with 
fig. 2 of the same plate will show how deceptive is the convergence between 
this stage of Amplexi-Zaphrentis and the group of Zaphrentis aff. Lnniskilleni, 
notwithstanding the fact that the early and late stages of the two groups are 
entirely distinct. Thomson’s fig. 3, above cited, appears to be a typical example 
of the intermediate stage of an Amplexi-Zaphrentis. 

(3) In the late stage. The septa all become short; flat tabulex extend com- 
pletely across the corallum, but bend down near the wall. The fossula is a 


1 ‘Corals of the Carboniferous System of Scotland’ Proc. Phil. Soc. Glasgow, 
vol. xiv (1882-83). é ' 

2 T am at present engaged on the detailed study of these specimens, and 
consequently defer a more exhaustive account of the relationships of the 
gens. 
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broad shallow depression in each tabula, and is occupied by one or more 
short septa. Figs. 9 & 13 of Thomson, above cited, illustrate this stage. 


(4) In the latest stage the outer wall partly splits, and the interspace is 
broadly vesicular, thus simulating a Canina. 


This subgenus occurs in the Cyathawvonia-Beds of Rush and 
Bradbourne ; it is also found in the uppermost beds of the Avonian 
throughout the South-Western Province, where it is especially 
common in D, and e of Oystermouth (Gower)." 


CYATHAXONIA RUSHIANA, sp. nov. (PI. XXIX, figs. 3, 3a, & 30.) 


Compare Cyathaxonia cornu, Mich., M‘Coy (‘ Brit. Paleoz, Foss.’ 1855, 
p- 109). 


Form.—An elongated narrow cylinder, starting as a short curved 
cone. 

Calyx.—Boundary a circle, with its plane perpendicular to the 
axis; rim sharp; from the middle of the calyx-floor projects a 
strong ‘ columella.’ This ‘columella’ is a complex structure, con- 
sisting essentially of a thick tube surrounding a stout columellarian 
lath, the interspace being completely filled up. 

Horizontal section.—Central area: oval and completely 
filled up, but the enclosing ring well-marked. 

Septa : regular, radial, and well-spaced ; 20 to 25 in number; all 
the septa are bilamellar, and, in the greater number, the lamelle 
are separated near the periphery. The septal break is marked out 
by a unique thin septum, collinear with the columellarian lath. 

This species is common at Rush in the Oyathaxonia-Beds, to 
which zone it is confined. The same species is abundant at 
Bradbourne (Derbyshire) at the same level. 

So closely does M‘Coy’s description of Cyathawonia cornu apply 
to the forms here included, that a new specific name might seem 
unwarranted ; the reasons for its creation are as follows ;:— 


(1) The axis of C. cornu is merely described by M‘Coy as ‘ solid,’ whereas 
the axis of all specimens of C. rushiana exhibits a very characteristic 
tubular structure. 


(2) Cyathaxonia cornw is insufficiently defined by Michelin, and the 
identity of C. cornu, as a species, rests upon its interpretation by 
Edwards & Haime.? The description given by these authors does 
not suggest the characters of C. rushiana. 


> I have carefully examined the specimens from Gower, and have had 
several sections cut from the same individuals, in order to observe the stages of 
growth ; the above description of Amplexi-Zaphrentis is founded on the results 
of this examination. More study is, however, required to determine the 
relationship of the Upper Avonian forms with certain corals which occur in Y 
and ©, of the South-Western Province and also with the ‘ Aimplexi-Caninia’ 
which oceurs in the Zaphrentis-Beds of Rush. ‘The full description and illus- 
meee of this pune is consequently deferred. 

* ‘Monogr. des Polypiers Foss. des Terr. Paléoz, 1 . 32 i 
ATE TENE col le 2 De 
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(3) The type-specimen figured by Michelin! was derived from Tournai, 
and therefore, presumably, from the Lower Avonian; all our 
specimens came from the top of the Upper Avonian.? 


CYATHAXONIA conToRTA, sp. nov. (Pl. XXIX, figs. 4 & 4a.) 


Form: short, conical, cornute. 

Epitheca: strongly annulated and indistinctly costate. 

Calyx: boundary a circle, perpendicular to the axis ; rim sharp ; 
inner slope radiated by a single series of equal, well-spaced septa : 
from the middle of the floor projects the very prominent, tall, 
laterally-compressed columella, the sides of which are roughened by 
vertical ridges. 

Horizontal section.—Septa 30 to 40 in number, thick, 
simple, and bent. A distinct septal break is occupied by a short 
septum. All the septa are attached to the thick wall by an en- 
larged base. 

The central area has an irregular, heart-shaped boundary, which 
is strongly thickened ;. within this bounding ring is the cross- 
section of the columella, finely serrated on its sides, the interspace 
being occupied by vesicles. 

The interseptal spaces show a very few tabular intersections, the 
tabulee having a very high slope. 

Occurrence.—In the Cyathawonia-Beds, where it is less 
abundant than the associated OC. rushiana. 

Relationship.—C. contorta resembles (. rushiana only in its 
central area. The septa differ markedly: in C. contorta they are 
single, bent, and numerous; in C. rushiana they are few in 
number, paired, and straight. In C. contorta the interseptal spaces 
are traversed by sparse tabule; in C. rushiana there are appa- 
rently neither tabule nor vesicles. The form of C. contorta is a 


1 “Teon. Zooph.’ 1840-47, p. 258 & pl. lix, fig. 9. 

2 M‘Coy, however, states (doc. cit.) that he compared Cyathaxonia cornu, 
M‘Coy, with specimens from Tournai, and found the ‘ coincidence exact.’ 

Mr, A. L. Leach, who has collected very carefully from the Carboniferous 
Limestone of the Tenby district, has very kindly allowed me to examine two 
specimens of a Cyathaxonia which he has discovered in the Lower Ayonian of 
that locality. 

In both specimens the calyx is well exposed, and exhibits a prominent 
columella which is apparently solid. 

The septa, as seen in the calyx, are simple and alternate. The larger septa 
extend to the columella, the shorter project a very short Cistance from the wall. 
(It is unfortunate that the friable nature of the specimens forbids any attempt 
to obtain a horizontal section.) In the smaller specimen there are sixteen primary 
septa; one of these is shorter than the rest, and occupies a non-prominent 
septal break. 

The form is cornute and conical, with a tendency to become cylindrical in 
the adult stage. The larger specimen has a leagth of 12 millimetres and a 
calyx-diameter of 4 mm. 

Mr. Leach informs me that the larger specimen is from West Angle and 
probably from the top of K,, and that the smaller specimen is from Fresh- 
water West and from Z. 

These specimens appear to agree in essential characters with the description 
of Cyathaxonia cornu given by Hdwards & Haime, and may be tentatively 
assigned to that species. 


Q.J.G.S. No. 246. Zz 
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uniformly-expanding cone, whereas C. rushiana is, for the greater 
part of its length, purely cylindrical. 

In many respects C. contorta approaches near to C. costata, M‘Coy.’ 
Compare Pl. XXIX, fig. 5. Both have the same form and dimen- 
sions; in both the septa are simple and thickened; both have 
sparse tabular intersections in the interseptal spaces; and both 
have a dense central area. 

The differences are, however, well marked:—C. contorta has 
numerous septa (thirty to forty), and the septa are strongly bent. 
C. costata has a small number (twenty-five or less) of straight 
septa. In C. costata the epitheca is strongly costated ; in C. contorta 
the costation is suppressed. C’. costata is said to have a solid central 
axis; whereas, in C. contorta, the central area is made up of a 
dense ring surrounding a columellarian lath, the interspace being 
vesicular. 

Evolution of Cyathaxonza.—lIt seems possible that the 
Cyathaxonie of the upper beds are derived by direct descent from 
the tubular variant of Zaphrentis cf. Phillipsi, by the strengthening 
of the septa and of the central tube. 

The purely-radial type of septation, as exhibited in Cyathaxonia 
rushiana, probably indicates parallel development with Densiphyllum 
(see below) due to convergence. The central columellarian lath is 
also, most probably, an instance of convergence with the Litho- 
strotions and Clisiophyllids of the Upper Avonian. 

The absence of Cyathawonia from the South-Western Province 
may be accounted for, by the fact that Zaphrentis aff. Phillipsi 
does not there show any tendency towards the production of a 
central tube. 


DenstpHyttom. (Pl. XXIX, fig. 6.) 


This genus is here employed in the sense in which it is inter- 
preted by Thomson.” The corals included here have the cornute 
form which is common to both Zaphrentis and Oyathawonia ; they 
have the septation of Cyathaxonia, but differ from this genus in 
the absence of a well-defined central axis. i 

_The most typical group of the genus is not represented in the 
Rush sequence, and the majority of the specimens collected from 
these beds may be more correctly termed Densiphylloid Zaphrentes 
Densiphylloid Zaphrentes are occasionally met with throughout 
the sequence; but the earlier examples are mere variants of 
Zaphrentis cf. Phillipsi: whereas the upper forms are more 
specialized, and show relationship with Cyathaxonia costata 
M‘Coy. The figured specimen from the Cyathaxonia-Beds is of 
this type, and is a Zaphrentis in which the septation is purely 
radial and almost devoid of septal break; the wall is exineitel: 
thick, and the septa reach almost to the centre, where their thickened 
ends are webbed together by small tabular expansions. An 
example of a different type is noticed under Amplexi-Zaphrentis, 

1 ¢ Brit. Palexoz. Foss.’ 1855, p. 109, & pl. iii C, figs 2 
* Proc. Phil. Soc. Glasgow, vol. xiv (1882-83) p. 445. 


Vol. 62.] IN THE CARBONIFEROUS ROCKS AT RUSH. 319 


LirnosrrorioN CYATHOPHYLLOIDES, sp. nov. (Pl. XXX, figs. 1, la, 
& 1b.) 

Description.—Habit of growth: simple? (I have seen no 
definite evidence of compound forms.) 

Form: cylindrical or elongate-conical. 

Epitheca: thin, annulated by fine striz and broad, low swellings. 

Calyx: calyx-wall thick, and built up of numerous septa and of 
closely-packed interseptal vesicles ; the inner slope of the wall is 
steep. Calyx-floor radiated by the primary septa, which extend to 
the centre. The central portion of the floor rises into a ridged tent, 
up the slopes of which run the primary septa; the ridge is crested 
by the thickened columellarian plate. 

Horizontal section.—Peripheral area: often wanting, and 
never continuous round the whole circumference ; where developed, 
it is thin and purely vesicular. 

External area: broad, and closely radiated by the two cycles of 
septa; there are eight to ten rows of vesicles in the interseptal spaces. 

Medial area: narrow, and almost clear of interseptal vesicles. 
The primary septa cross the area, but the secondary septa only 
project for a short distance into its outer margin. 

Central area: completely radiated by the primary septa, which 
are crossed by about seven tabular intersections ; the outer inter- 
sections are more closely approximated, so as to produce a con- 
spicuous ring of denser structure. The columella is an elongated 
central plate. 

Septa: not appreciably thickened in any part of their length. 
The primary septa are distinctly flexuous in the central area. 

Measurements.—The central type has a diameter of about 
21 millimetres, and has about forty-four primary septa; the relative 
proportions of the areas are best appreciated from the figure of a 
horizontal section (Pl. XXX, fig. 1 a). 

Range and variation.—(1} The central type is abundant in 
the Megastoma-Beds ; the specimens named Lathostrotion cf. cyatho- 
phylloides from the Oyathawonia-Beds have only been examined 
in rough fracture. 

(2) A mutation occurs somewhat sparingly in the Curkeen 
Limestone. This mutation is easily distinguished by its more 
numerous septa (about fifty) and by the less open character of the 
medial area, due to the greater elongation of the secondary septa 
(see Pl. XXX, fig. 1 6). 

Comparisons.—(1) With other Lithostrotions: L. affine agrees 
in the considerable development of vesicles in the external area ; 
but differs in the shortness of the septa, which do not extend to 
the centre. The large Nematophylla (that is, the basaltiform 
Lithostrotions) agree in: 

(a) The extension of the septa to the centre; and (4) the conical tabule 
of the central area and the columella. 

They differ, however, in the smaller number of their septa, as 


well as in their manner of growth. 
z2 
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(2) With the Cyathophylla: Cyathophyllum } presents a very 
marked convergence on Lithostrotion cyathophylloides, for 


(a) The characters of septa and vesicles are identical ; and (}) both forms 
have well-developed tabule. 


The only independent property in which L. cyathophylloides 
differs from Cyathophyllum @ is the elevation of the central portion 
of the tabule into tent-like projections, with the necessary accom- 
paniment of a columellar plate. 

(3) With the Clisiophyllids: The tent-like tabule of the central 
area, radiated by prolongations of the primary septa, most probably 
represent the ancestral character of the Clisiophyllids; but a true 
Clisiophyllid always exhibits a differentiation of the radii of the 
central area into distinct ‘lamelle.’ Among the Clisiophyllids, 
Lithostrotion cyathophylloides most nearly resembles Konincko- 
phylum. Such a form as Koninckophyllum 0 agrees with 
L. cyathophylloides in : 


(a) The broad external area, completely radiated by the two cycles of 
nearly-uniform septa and closely packed with fine vesicles; (>) the 


elongation of the primary septa towards the centre; and (c) the 
columellarian plate. 


Koninckophyllum 6 differs, however, in its higher structural 
development, as shown by : 


(a) The more numerous vesicles; and (0) the distinct, if rudimentary, 
development of lamellz in the central area. 


CLISIOPHYLLUM CURKEENENSE, sp. noy. (Pl. XXX, figs. 2 & 2a.) 


Description.—Simple corals, of elongate-conical form. 

Horizontal section.—External area: narrow, radiated by 
both cycles of septa; the interseptal spaces occupied by a row of 
four vesicles (or fewer). Inner and outer walls strongly thickened. 

Medial area: radiated by equal, thick, thorn-like primary septa, 
about 40 in number. ‘The primary septa increase uniformly in 
thickness outward towards the inner wall. The secondary septa 
are also thorn-like, and project inward into the medial area for a 
very short distance from the inner wall. One primary septum is 
somewhat shorter than the rest, and forms a very inconspicuous 
septal break. 

Central area: composed of numerous, concentric, tabular inter- 
sections, which are but slightly broken by the few and feebly- 
developed lamellae. The outer margin of this area is very open in 
structure. The columellarian plate is strongly thickened and 
lentiform ; it is confined to the middle of the area, but, owing to 
the strong development of one of the lamella, it is often apparently 
prolonged towards the septal break. 

Range and variation.—Olisiophyllum curkeenense makes its 
first appearance in the Megastoma-Beds. 
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(1) This early form has a small central area, distinguished in a 
horizontal section by the strength and close approximation of the 
concentric intersections. The external area is very narrow, and 
for the most part merely radiated by septal teeth, which project 
into it from the thick outer wall. 

(2) The central type occurs somewhat commonly in the Curkeen 
Limestone. In this form the external area is finely vesicular, and 
the septal prolongations which radiate the area are thin and in- 
conspicuous. (Hence the differentiation of the external area is a 
conspicuous feature.) The central area is broader, and its structure 
looser, than in the earlier form. 

Examples from the South-Western Province. — The 
earlier form occurs in the upper part of the Syringothyris-Zone ; 
and I have a specimen from the Upper Dibunophyllum-Zone ot 
Pendine that is almost identical with the Curkeen type. 


EXPLANATION OF PLATES XXIX & XXX. 
Pratr XXIX. 


Ayonian Corals from Rush. 


Fig. 1. Syringopora cf. reticulata, Goldf. (p. 313). Horizontal section and 
calices ; natural size. R10k. Megastoma-Beds; coast-section, Rush. 
2. Zaphrentis aft. Enniskilleni, Bdwards & Haime (p. 315). Horizontal 
section; X 12. R21l¢. Cyathaxonia-Beds; coast-section, Rush. 
Figs. 3, 3a, & 30. Cyathaxonia rushiana, sp. nov. (p. 316). 
Fig. 8. View of calyx and exterior (taken at 45° to the plane of symmetry) ; 
natural size. Cyathaxonia-Beds; Bradbourne (Derbyshire).* 

3a. Horizontal section of the same specimen; X 1}. 

36. Weathered fragment (showing the axial tube and enclosed 
columella) ; natural size. K21d. Cyathaxonia-Beds; coast- 
section, Rush. 

Figs. 4 & 4a. Cyathaxonia contorta, sp. nov. (p. 517). 
Fig. 4. View of exterior (the calyx-wall is removed to show the columella) ; 
natural size. R18¢. Cyathaxronia-Beds ; coast-section, Rush. 
4a. Horizontal section of a larger specimen; xX 1:2. R 21d. 
Cyathaxonia-Beds ; coast-section, Rush. 
Fig. 5. ‘ Cyathaxonia’ aff. costata, M‘Ooy (p. 318). Horizontal section; x 1:5. 
Cyathaxonia-Beds ; Bradbourne (Derbyshire). 
6. Densiphyllum (Zaphrentoid subdivision) (p. 318). Horizontal section ; 

xX 1%. R21 d. Cyathaxonia-Beds ; coast-section, Rush. 

7. Amplexi-Zaphrentis, subgen. noy., variant convergent on Zaphrentis aff. 

Enniskilleni(p.815). Horizontal section; x 1-2. R21 d. Cyathaxonia- 

Beds ; coast-section, Rush. 


1 T had intended to illustrate this species solely from the Irish material ; 
but, although specimens are abundant in the Rush section, the matrix does not 
lend itself readily to the cutting of good slices. The photograph of one such 
slice was quite unsatisfactory ; and, though five more slices were cut, none of 
them was sufficiently good to serve as a representation of this very important 
zonal form. I consequently bad to fall back upon the more tractable material 
from Bradbourne (Derbyshire). I can see no essential differences between the 
Bradbourne and the Rush forms, 
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Prats XXX. 
Ayonian Corals and Brachiopods from Rush. 


Figs. 1, 1a, & 1b. Lithostrotion cyathophylloides, sp. nov. (p. 319). 
Fig. 1. Calicular view (showing the columella cresting a conical tabula) ; 
natural size. R11g. Megastoma-Beds ; coast-section, Rush. 
la. Horizontal section ; slightly enlarged. R lla. Megastoma-Beds ; 
coast-section, Rush. 
1b. A mutation. Horizontal section; x 1:2. Curkeen Limestone, 
Curkeen. 
Figs. 2 & 2a. Clisiophylium curkeenense, sp. nov. (p. 820). 
Fig. 2. Horizontal section; slightly enlarged. Curkeen Limestone ; 
Curkeen. 
2a. A less-specialized variant. Horizontalsection ; slightly enlarged. 
Rlla. Megastoma-Beds ; coast-section, Rush. 
Figs. 3, 4, & 5. Complex structural types cited in the faunal lists. 
Fig. 8. Carcinophylloid Olistophyllum. Horizontal section ; slightly 
enlarged. R10}. Megastoma-Beds ; coast-section, Rush. 
4. Campophyllid. Horizontal section ; slightly enlarged. R17b. 
Cyathaxonia-Beds ; coast-section, Rush. 
5. Cymatiophylloid Clisiophyllid. Horizontal section ; _ slightly 
enlarged. R 21h. Cyathaxonia-Beds ; coast-section, Rush. 
Fig. 6. Productus cf. fimbriatus (p. 308). Pedicle-valve; slightly enlarged. 
R12b. Top of Megastoma-Beds ; coast-section, Rush. 
7. Syringothyris subconica (Martin) (p. 311). Pedicle-valve; natural size. 
R21 d. Cyathaxonia-Beds ; coast-section, Rush, 


Discussion. 


The PresipEent congratulated the Authors on this very interesting 
paper, and felt that it must be a source of gratification to Dr. Vaughan 
to see that his classification, founded upon study of the Bristol area, 
was being applied to an ever-widening tract. He was interested in 
many of the structures which had been projected on the lantern- 
screen: they certainly reminded him of structures seen among the 
knoll-like masses of limestone described by Mr. Tiddeman in 
the West Riding of Yorkshire. 

Mr. G. W. Lampxuen, from personal experience of the section, 
heartily congratulated the Authors on their success in interpreting 
its intricacies. The classification of the Carboniferous Limestone in 
Ireland, ‘based hitherto on lithological characters, stood in much 
need of revision under modern methods of research. The coast 
between Rush and Skerries offered the most favourable section 
known to the speaker for the first stages of this work; and he was 
delighted when Dr. Matley undertook the task, being assured that 
valuable results might be expected. The present paper justified 
this expectation, and promised well for the further results to be 
obtained from the remaining portion of the section, between Lough- 
shinny and Skerries. He particularly hoped that this further work 
would demonstrate beyond doubt whether the Rush Conglomerates 
and the Skerries Conglomerates do actually represent two distinct 
and widely-separated horizons, as Jukes believed, since on this 
matter the interpretation of the structure of this Carboniferous 
basin largely hinged. 

Mr. W. A. E, Ussuer thought that the photographs exhibited 
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furnished an excellent object-lesson in rock-structure, and suggested 
such constant repetition, that he wished to ask whether the thickness 
assigned to the Rush Slates might not beexaggerated. The nodular 
limestone strongly suggested the folding of thin bands on their axes 
of contortion and in-sheared with the slates. He also commented 
on the apparent passage of limestone in beach-reefs into slates with 
chert and decomposed limestone-bands in the cliff, as suggestive 
of the sudden thickening of limestone-bands, and this tended to 
deprive lithological character of some of its value as an indicator 
of horizon in the Carboniferous System. 

Dr. F. A. Barwer enquired whether the term Avonian was 
intended to apply merely to the Carboniferous Limestone Series of 
the South-West of England, or whether it was intended to denote 
a division of Carboniferous time. If the latter, then how was the 
term to be justified when there already existed a ‘ Bernician Epoch,’ 
including the Viséan and Tournaisian Ages ?? 

Dr. Vavewan thanked the President for his kind remarks. In 
reply to Dr. Bather, he pointed out that the term Avonian had 
already been defined in his earlier paper dealing with the Bristol 
sequence.” As a stratigraphical term, Avonian denotes the whole 
series of deposits, of which the zones from Cletstopora to Dibuno- 
phyllum are the constituent parts. As a necessary consequence of 
its faunal basis the term is also an index of relative time, and 
Avonian time at any place denotes the time during which all the 
zones trom Cleistopora to Dibunophyllum were being deposited at 
that place. The introduction of such a term satisfies a long-felt 
want, seeing that ‘ Carboniferous Limestone’ lacks all definiteness. 
In the South-Western Province ‘Carboniferous Limestone’ only 
denotes a portion (and that a variable portion) of the sequence. 
Outside the South-Western Province the use of the term is hope- 
lessly misleading, since it suggests a correlation which is often 
entirely false (for example, the ‘ base of the Carboniferous Limestone’ 
may be a deposit of Dibunophyllum-age). 

Dr. Marty stated that he had invited the attention of geologists 
to the peculiar stratigraphy of the limestone-bands in the Rush 
Slates, as he thought that they might throw some light on the 
structure of ‘limestone-knolls’ referred to by the President. He 
hoped, before long, to complete the examination of the coast-section 
nearer Skerries, and then he might be able to ascertain definitely 
the horizon of the second conglomerate near that locality, which he 
thought at present belonged. to a horizon higher than that of the 
Rush Conglomerate. 

In reply to Mr. Ussher, the speaker stated that the thickness of 
the beds as shown in the vertical section was thought to be approxi- 
mately correct ; but, owing to the obscurity of the dip in places, 
some modification of the estimate given in the paper might be 
necessary. 


1 See Renevier’s ‘ Chronographe Géologique,’ 2nd ed. 1897. 
2 Quart. Journ. Geol. Soe. vol. lxi (1905) p. 264. 
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I. Inrropvuctrion. 


Tus paper contains the results of a detailed examination of the 
Carboniferous Limestone in the Mendip area. 

The object of my work has been the complete investigation of the 
faunal sequence in the Carboniferous-Limestone Series, following 
on the lines laid down by Dr. Arthur Vaughan, in his great paper * 
on ‘ The Paleontological Sequence in the Carboniferous Limestone 
of the Bristol Area.’ Detailed work in the Mendips has shown 
that the system of zones and subzones, established by Dr. Vaughan 
in the Bristol sequence, requires only very slight modification to 
co-ordinate accurately the faunal sequence in the Mendip area. 
The correlation of the Mendip and Bristol areas is treated fully in 
the present paper, my comparison being based on Dr. Vaughan’s 
paper, to which I make frequent reference. 

I am indebted to Mr. H. B. Woodward’s Geological Survey- 
memoir on ‘ The Geology of East Somerset & the Bristol Coalfields,’ 
published in 1876, and to a paper by Prof.C. Lloyd Morgan, entitled 
‘Mendip Notes, published in the Proceedings of the Bristol 
Naturalists’ Society,” for much valuable information and guidance. 
To my recent paper * on ‘ The Carboniferous Limestone of Burrington 
Combe,’ which deals fully with the Burrington section, I refer 
frequently. 

The Carboniferous Limestone presents more or less complex 
structural features in several parts of the Mendip area, and it is to 
be hoped that the application of paleontological study to these 
problems will furnish correct solutions. The time at my disposal has 


* Quart. Journ. Geol. Soe. vol. Ixi (1905) pp. 181-305. 
2 N. s. vol. vi (1890-91) pp. 169-82. 


* Proc. Bristol Nat. Soc. ser. 4, vol. i, pt. 1, 1905 (issued for 1904) pp. 14-41. 
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not permitted me to pay much attention to this part of the subject. 
But to one of these problems, namely, the geology of the Ebbor-Rocks 
district, a subject which has received attention from several previous 
writers, I have devoted a considerable amount of time. he features 
of this locality are especially interesting, and I have described them 
in a separate note. 

Throughout the paper, I have adhered to the system of nomen- 
clature of corals and brachiopods employed by Dr. A. Vaughan and 
defined in the introduction' to his paper. The paleontological notes 
and plates * accompanying Dr. Vaughan’s paper, taken in conjunction 
with the notes and plates which I have appendeéd to the present 
paper, will explain my faunal lists. 

Following the suggestion made* by Dr. Vaughan, I have adopted 
the term Avonian to connote the whole Carboniferous-Limestone 
Series, as developed in the South-West of England and South Wales, 
and the terms Clevedonian and Kidwellian for the lewer and 
upper divisions, respectively, of the Avonian. The use of these 
terms secures a highly-desirable definiteness, and avoids the possi- 
bility of any confusion such as might arise from comparisons, based 
on lithological divisions only, with the Carboniferous rocks of other 
areas. The distinctness of the Clevedonian and Kidwellian faunas, 
which is a well-defined feature in the Mendips, as in the Bristol 
area, is demonstrated in a separate note. 


The series of zones and subzones in the Avonian of the Mendip 
area is as follows :— 


5 < Approximate 
Zones. Subzones § Horizons. ; Peat im feet. 
Sees a (D,) Lonsdalia floriformis. x 
Dibunophyllum ‘ {D3 Dibunophyllum 9. 500 


Productus ef. semiretioula~ ic 720 


Seminwlda...... .. 
tus, mut. §,. J 


sf 
| 
E 
L 


KipWeEiran. | 


(S,) Productus aff. Cora, mut. S,. | | | 
(S;) 


( Syringothyris ...) (©) Syringothyris aff. cuspidata, 530 
mut. | 
S 
ye | 
(Z,) Zaphrentis aff. cornucopie. | | 800 
(Z,) Spirifer aff. clathratus. init 
SBC | 


TPES | 
(K,) Spiriferina cf. octoplicata. | 
| 450. 


= Zaphrentis ...... { 
| 


CLEVEDONIAN. 


(K,) Productus bassus. 
(M) (Modiola-phase.) 


Cleistopora ...... 


: 


| | 3020 


1 Quart. Journ. Geol. Soe. vol. lxi (1905) pp. 188, 184. 
2 Thid. pp. 266-803 & pls. xxii-xxvi. 
* Ibid. p. 264. 
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My sincere thanks are due to those geologists who have SO readily 
assisted me in my investigations. To Dr. A. Vaughan I am indebted 
for continual encouragement, and especially for invaluable advice 
throughout my paleontological work. I am indebted to Mr. H. E. 
Balch for very kindly placing his knowledge of the Wells district 
at my service, and particularly for the great assistance which he 
has given me in the examination of the Ebbor-Rocks district. I 
have to thank Dr. Wheelton Hind for naming lamellibranchs and 
gasteropods; and Prof. §. H. Reynolds and Mr. F. P. Burt for 
valuable assistance in the field. To Mr. J. W. Tutcher I am under a 
deep obligation, for the trouble which he has taken in the preparation 
of the excellent photographs (reproduced in Pls. XXXI & XXXIT) 
illustrating this paper. 


II. Tur Favnat Sequence rn tHE Menpip ARBA. 


Clevedonian or Lower Avonian (Lower Carboniferous 
Limestone). 


K=Zone of Cleistopora aff. geometrica [Crzrsropors-Zone] 
(including Modiola-phase M). 


General lithological character.—Shales with subsidiary 
limestones in the lower part; thick shales in the middle part; 
alternating shales and limestones in the upper part. 


Coral-fauna; 
Cleistopora aff. geometrica. 


Brachiopod-fauna: 


Athyris Royssti muts. Orthothetes aff. crenistria, muts. 
Athyris(Actinoconchus) cf.lamellosa. Rhipidomella aff. Michelini. 
Reticularia ef. reticulata. Productus bassus. 
Spirifer aff. clathratus & vay. Productus cf. Martini. 
Spirtferina cf. octoplicata. oF - » | & inter- 
Syringothyris aff. cuspidata, mut. K. ee ae PaCS | mediate 
Eumetria aft. carbonaria, ? : j forms. 
Camarotechia mitcheldeanensis, Chonetes ef. hardrensis., 
Leptena analoga. |  (Discina) sp. 
Other groups: 
Lamellibranchiata. Bryozoa. 

Modioliform lamellibranchs. L?habdomeson spp. 

Parallelodon sp. Fenestellids. 
Gasteropoda. Ostracoda—several forms. 


Bellerophon sp. 
Capulus cf. inequalis. 


Subdivisions :— 
M = Modiola-phase. 


This includes only the lowest part of the series, and exhibits the 
gradual establishment of the Cletstopora-fauna. 
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Very characteristic features of this phase are the common occur- 
rence of Modioliform lamellibranchs and the great abundance of 
ostracods at recurring levels. The brachiopod-fauna includes 
Chonetes ef. hardrensis (abundant), Ch. ef. crassistria, Athyiis 
Royssv (common), Orthothetes aff. crenistria, Spirifer aff. clathratus, 
Camaroteechia aff. mitcheldeanensis, and (Discina) sp. Bellerophon sp. 
occurs abundantly. : 

Although the development of this phase at the base of the Avonian 
sequence constitutes a persistent and important feature, yet the 
faunal characters of the series do not justify its separation as a 
distinct zone, and it must, therefore, be regarded as the initial, 
shallow-water phase of the Cle?stopora-Zone. 

At the top of the series occur characteristic red limestones, mainly 
composed of crinoid-débris, but containing abundant Rhabdomeson. 
(The ‘ Bryozoa-Beds.’) 


K,=Subzone of Productus bassus. (zassuvs-subzone.) 


This forms the lowest portion of the main zone, and is charac- 
terized by the great abundance of :— 

Camarotachia mitcheldeanensis, Orthothetes aff. crenistria, mut. K,, 
Productus bassus, and Chonetes ‘ Buchiana,’ 

Chonetes cf. hardrensis occurs abundantly. 

Eumetria aff. carbonaria occurs not uncommonly, and is, 
apparently, confined to this subzone. 

Athyris Royssu, Reticularia ef. reticulata, Rhipidomella aff. 
Michelini, Syringothyris aff. cuspidata, mut. K, and Spirifer aff. 
clathratus range throughout, and the latter fossil becomes abundant 
at the top of the subzone. 

Productus cf. Martini occurs sparingly in the uppermost beds. 

The gasteropod Capulus ef. imequalis is abundant in the lower 
beds. Bryozoans (/thabdomeson) are abundant. 


K,=Subzone of Spiriferina cf. octoplicata. (ocropricara- 
subzone. ) 


This includes the uppermost portion of the zone, as well as the 
horizon of overlap with the Zaphrentis-Zone (Horizon /3). 
The special features of this subzone are :— 


(1) The occurrence of Spiriferina cf. octoplicata, which attains its maximum 
at the top, and has not been recorded outside the subzone. 

(2) The increasing abundance of Spirifer aff. clathratus and var., Productus 
cf. Marvini, Rhipidomella aff. Michelini, and Chonetes cf. hardrensis. 

(3) The common occurrence of Athyris (Actinoconchus) ef. lamellosa. 


Orthothetes aff. crenistria, which shows a mutational change, is 
extremely abundant throughout. 

Syringothyris aff. cuspidata, mut. K, attains its maximum in the 
lowest part of this subzone, and persists abundantly throughout. 

Reticularia ct. reticulata and Athyris Royssii occur commonly 
throughout. 
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Camarotechia mitcheldeanensis, though still abundant, is greatly 
diminished in numbers. 

Productus bassus occurs rarely. 

Chonetes ‘ Buchiana’ is replaced, as an abundant form, by Ch. ef. 
crassistria, 

Cleistopora afl. geometrica occurs in this subzone, but is nowhere 
common. 


Between the well-marked bassus- and octoplicata-subzones, occurs 
a thick series of shales, which may be assigned equally well to 
either subzone, since it does not possess the characteristic features 
of either one. This part of the zone is marked by the great 
abundance of a Chonetes, intermediate between Oh.‘ Buchiana’ and 
Ch. cf. crassistria. 


Z=Zone of Zaphrentis aff. Phillipsi. 
(ZaPHReNTIs-Zone.) 


General lithological character.—Massive limestones, in- 
cluding much highly-crinoidal ‘black rock.’ In the lowest part of 
the zone thin shales are interbedded with the limestones. Much 
nodular and lenticular chert occurs, being most strongly developed 
in the middle and upper portions of the zone. 


Coral-fauna: 


Zaphrentis aff. Phillipsi. Michelinia cf. favosa. 
Zaphrentis aff. cornucopia. Michelinia cf. tenuisepta. 
Caninia cylindrica. Syringopora 0. 
Cyathophyllum @. Syringopora ef. reticulata. 


Anplexus cf. coralloides. 


Brachiopod-fauna: 


Athyris Royssit. Leptena analoga. 

Athyris cf. glabristria, muts. Orthothetes aff. crenistria, muts, 
Martinia ct. linguifera. Rhipidomella aff. Michelini. 
Reticularia cf. reticulata. Schizophoria aff. resupinata. 
Spirifer aff. clathratus & var. Productus cf. Martini. 
Spirtfer cf. cinctus. Productus ct. semireticulatus. 
Spiriferina cf. octoplicata. Productus aff. pustulosus. 
Syringothyris aff. cuspidata, mut. K, Productus cf. aculeatus. 
Syringothyris aff. cuspidata, mut. C. Productus aff. Cora, mut. 
Syringothyris aff. laminosa. Chonetes cf. hardrensis. 
Camarotechia aff. nitcheldeanensis. Chonetes cf. papilionacea. 


Pugnax cf. pugnus. 


Subdivisions :-— 
8 = Horizon £. 


This includes only the lowest beds of the zone. It is defined by 
the association of Zaphrentis aff. Phillips: and Spiriferina ef, octopli- 
cata, and thus forms a horizon of overlap between the Zaphrentis- and 
Cleistopora-Zones. Since its paleontological characters, excepting 
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only the occurrence of Spiriferina cf. octoplicata, are precisely those 
of the lower part of the Zaphrentis-Zone, it is better regarded as the 
base of that zone than as the top of the Cleistopora-Zone. 


Z, = Subzone of Spirifer aff. clathratus. (orarHRarus- 
subzone.) 


Special faunal characters :— 
Corals: 


Zaphrentis aff. Phillipsi occurs commonly in the lower part. 

Michelinia cf. favosa enters at Horizon (3, and is abundant at 
certain levels. 

Syringopore @ occurs rarely in the uppermost beds. 


Brachiopods: 


Spirifer aff. clathratus and var. are enormously abundant at re- 
curring levels throughout. 

Chonetes cf. hardrensis, in the mutation characteristic of the 
Cleistopora-Zone and this subzone, Productus cf. Martini, Rhipido- 
mella aft. Michelini, and Reticularia cf. reticulata attain their maxima. 

Orthothetes aff. crenistria, in a characteristic mutation, is enor- 
mously abundant at certain levels. 

Athyris Royssv, mut. 6, occurs at the base of this subzone, but 
is not abundant. A. cf. glabristria, mut. Z,, and Syringothyris aff. 
cuspidata, mut. K, are abundant. Leptena analoga is abundant at 
certain levels, and attains a maximum. 

Productus aff. pustulosus occurs commonly. Productus aff. Cora, 
mut., occurs very rarely. 

Camarotechia mitcheldeanensis is comparatively rare above 
Horizon 6. Syringothyris aff. laminosa is rare. Chonetes cf. 
papilionacea enters sparingly in the upper part of the subzone. 


Z, = Subzone of Zaphrentis aff. cornucopie. 
(cornucorrz-subzone.) 


This forms the upper half of the zone, and includes the horizon of 
overlap with the Syringothyris-Zone (Horizon y). 


Special faunal characters :— 


Corals: 


The most important feature of this subzone is the great abundance 
of Zaphrentis aff. cornucopia and Z. aff. Phillipsi, both of which 
attain their maxima in the upper part. 

Caninia cylindrica enters early in the subzone, and soon becomes 
fairly abundant ; it attains a maximum at Horizon y, where it is 
extraordinarily abundant. 
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Amplexus cf. coralloides, which is apparently confined to this 
subzone, occurs very commonly when at a maximum. 

Michelinia cf. favosa attains a second maximum in the lower part 
of this subzone, where it is prolific; but afterwards declines rapidly, 
and does not range above Horizon y. WM. cf. tenwsepta probably 
occurs in this subzone.* 

Syringopora @ is characteristic, and very common at certain 
levels. S. ef. reticulata first occurs at Horizon y. 

Cyathophyllum @ occurs in this subzone. 


Brachiopods: 


Spirifer aff. clathratus and var., though greatly diminished in 
numbers, persist abundantly throughout the subzone. Sp. cf. cinctus 
occurs not uncommonly. 

Syringothyris aff, laminosa attains its maximum. S. aff. cuspidata, 
mut. C, enters, and increases in abundance towards the top. 

Orthothetes aff. crenistria (especially in the mut. Z), is extremely 
abundant throughout. 

Leptcena analoga attains a second maximum, and occurs commonly 
up to Horizon y. 

Athyris ch. glabristria, mut. Z,, is abundant, and Reticularia ef. 
reticulata occurs commonly ; but Athyris Royssiz is very rare. 

Rhipidomella aff. Michelini occurs commonly throughout. 
Schizophoria aff. resupinata enters, and can be found occasionally 
throughout the subzone, but is never abundant below Horizon y. 

Productus cf. Martina is not uncommon. Pr. cf. semireticulatus 
occurs sparingly below Horizon y, but is not uncommon at that level. 
Pr, aff. pustulosus ranges throughout ; the most typical form occurs 
commonly at Horizon y. 

Chonetes cf. hardrensis, is much diminished in numbers, but is 
still abundant at recurring levels throughout. Ch. cf. papilionacea 
gradually increases in numbers, and is abundant at Horizon y. 

Martima ct. lingwfera,’ Pugnaxv cf. pugnus,* and Productus ef. 
aculeatus occur very rarely in this subzone. 


y = Horizon y. 


This includes the uppermost part of the zone, and exhibits an 
overlap of the Zaphrentis- and Syringothyris-faunas. The out- 
standing paleontological feature of this horizon is the 
extreme abundance of Caninia cylindrica, mut. y. 

Horizon y must be regarded as the top of the Zaphrentis-Zone, 


‘The specimen of Michelinia tenwisepta figured by Edwards & Haime, 
‘Monogr. Brit. Foss. Corals’ (Paleont. Soc.) pt. iii (1852) pl. xliv, fig. 1, and 
preserved in the Bristol Museum, was obtained from the Mendips, near 
Maesbury. 

* Identical forms oceur at the same horizon in the Carboniferous Limestone 
of Freshwater West, near Pembroke (South Wales). I have had the oppor- 
tunity of comparing the specimens from this locality, collected by Mr. A. L 
Leach, of Tenby, with my own specimens. 
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rather than as the base of the Syringothyris-Zone, for the following 


reasons : 


(1) The brachiopod-fauna is, as a whole, essentially similar to that of the 


Upper Zaphrentis-Zone. 


Special points of resemblance are: the 


abundance of Spirifer aff. clathratus and var. and Chonetes ef. har- 
drensis, and the common occurrence of Leptena analoga and Productus 


aff. pustulosus. 


(2) Zaphrentis aff. Phillipsi and Z. aff. cornucopie, which are both abundant 
at this horizon, are essentially Zaphrentis-Zone forms, being very rare 


in the Syringothyris-Zone. 


(The mutation of Zaphrentis aff. cornu- 


copie, which occurs commonly in the latter zone, is easily distinguished 


from the typical Z, form.) 


The special faunal characters, which Horizon y possesses in common 
with the Syringothyris-Zone, are the following: 


(1) The common occurrence of Syringothyris aff. cuspidata, mut. OC. 

(2) The abundance of Orthothetes aff. crenistria, mut. C. 

(8) Lhe abundance of Schizophoria att. resupinata. (This form attains its 
maximum immediately above Horizon y.) 


(4) The occurrence of Caninia cylindrica. 


(Caninia cylindrica persists 


throughout the Syrzngothyris-Zone.) 
(5) The occurrence of Syringopora cf. reticulata. 


C = Zone of Syringothyris aft. cuspidata, mut. C. 
(Srriveoruyrris-Zone.) 


General lithological character.—Massive limestones. The 
lowest beds are slightly dolomitic, but the main part of the zone 
consists of fairly-pure * limestones, which are more or less oolitic, the 
local development of oolites being sometimes considerable. 


Coral-fauna (omitting Horizon y): 


Zaphrentis aft. Phiilipsi. 
Zaphrentis aft. cornucopie, mut. C. 
Caninina cylindrica, nuts. 
Caninoid Cyathophylla. 
Cyathophyllum 9. 

Campophyllum caninoides. 


Amplexus sp. 

Michelinia megastoma. 
Syringopora ef. reticulata. 
Syringopora cf. distans. 
Lithostrotion cf. irregulare. 
Early Clisiophyllids. 


Brachiopod-fauna (omitting Horizon y): 


Seminula ambiqua. 
Seminula aff. ficoides. 
Athyris cf. expansa. 
Athyris cf. glabristria. 
Reticularia cf. reticulata. 
Spirifer aff. elathratus. 
Spirifer cf. bisuleatus. 
Spirifer cf. striatus. 
Syringothyris aff. cuspidata, mut. C. 
Syringothyris aft. laminosa. 
Pugnax cf. acwminatus. 


Orthothetes aff. crenistria, mut. O. 
Rhipidomella aff. Michelini. 
Schizophoria aff. resupinata. 
Derbya sp. 

Productus concinno-Martini. 
Productus aff. Cora, mut. C. 
Productus 0. 

Productus pustuloso-fimbriatus. 
Chonetes cf. hardrensis. 
Chonetes cf. papilionacea. 
Chonetes cf. comoides. 


Subdivisions.—None; excluding Horizon y, which is_ best 
regarded as the top of the Zaphrentis-Zone (see above, p. 330). 


1 The limestones of this zone are extensively burnt for lime. 
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Special faunal characters :— 
Corals: 
The zone is specially characterized by :— 


(1) The common occurrence, at recurring levels, of Caninia cylindrica, 
muts. (especially mut. 8,, in the uppermost part), Caninoid Cyatho- 
phylla, and Caninoid Campophylla; and of Cyathophyllum 9, which 
ranges throughout the upper and main part, and attains its maximum 
in the uppermost beds. 

(2) Michelinia megastoma, which is abundant in the lower part, and has not 
been recorded outside this zone. 

(3) Syringopora cf. reticulata, which, as an abundant form, is highly 
characteristic of the lower part of the zone, although it ranges through- 
out and persists into the succeeding subzone. 


Zaphrentis aff. cornucopic, mut. C, is characteristic, and has been 
recorded throughout the greater part of the zone. Z. aff. Phillupsi 
occurs only in the lowest part of the zone. 

Ampleaus sp. occurs somewhat rarely. 

Early Clisiophyllids oceur very rarely. 

Lithostrotion cf. irrequlare, which is the first representative of the 
genus, occurs in the topmost beds. 


Brachiopods: 
The zone is specially characterized by :— 


(1) The maximum of Syringothyris aff. cuspidata, mut. C. This mutation 
ranges throughout, but it is very scarce in the uppermost beds, 

(2) The great abundance of Orthothetes aff. crenistria, mut. OC, at recurring 
levels throughout. 


(8) Produetus concinno-Martini, which is common throughout the main 
art. 


(4) The abundance of Chonetes cf. comoides at certain levels, especially in the 
lower part. 


Spirifer aff. clathratus persists throughout the main part of the 
zone, and is not uncommon in the lower part. Sp. cf. bisulcatus 
is not uncommon in the upper and main portions. 

Syringothyris aff. laminosa oceurs very sparingly throughout. 

Athyris cf. expansa is common throughout the upper and main 
portion of the zone. Reticularia cf. reticulata ranges throughout, 
and is common at certain levels. 

Seminula ambigua is characteristic of the upper part of the zone. 
S. aff. ficoides enters sparingly in the uppermost beds. 

Schizophoria aff. resupinata attains its maximum immediately 
above Horizon y, and is there very prolific, but it does not persist 
far into the zone. Rhipidomella aff. Michelini, although greatly 
diminished in numbers, persists commonly throughout. 

Productus aff. Cora, mut. C, which is characteristic of this zone 
and the succeeding subzone, attains its maximum. 7. 6 enters, 
and can be found occasionally throughout the upper and main part; 
it is locally abundant at certain levels. 
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Chonetes cf. papilionacea oceurs very abundantly at numerous 
levels throughout. Ch. ef. hardrensis is nowhere common, and does 
not extend into the uppermost beds. 


The abundance of large gasteropods, of the genera Bellerophon 
and Huomphalus, is a very noticeable feature at certain levels in 
this zone, particularly in the upper part. 


Kidwellian or Upper Avonian (Upper Carboniferous 
Limestone). 


S=Zone of Seminula ficoides and its allies. 
(Szurwura-Zone.) 


The lithological and paleontological characters of this zone are 
best treated under the separate subzones. 


S,=Subzone of Productus cf. semireliculatus, mut. 8,, 
(SEMIRETICULATUS-Subzone. ) 


General lithological character.—Massive limestones, with 
thin shale-partings frequently developed. The limestones are ex- 
tremely variable in character; locally, they are slightly dolomitic 
in the lower part of the subzone. Hard, black limestones, with 
abundant nodular and lenticular chert, form a very characteristic 
feature in the uppermost part of the subzone. 


Special faunal characters :— 


This subzone is characterized by the association of certain 
Clevedonian forms with the Lower Kidwellian fauna. 


Corals: 

Caninia cylindrica, mut. S,, occurs in this subzone. 

Cyathophyllum » is common in the lower part, and probably 
ranges throughout. 

Lithostrotion Martini enters abundantly at the base, and is the 
dominant coral throughout. 

Lithostrotion basaltiforme, var. bristolense, occurs. 

Syringopora cf. reticulata still occurs, but S. cf. distans has 
replaced it as an abundant form. 

Carcinophyllum mendipense is highly characteristic of this sub- 
zone ; locally, it is extremely abundant at the base. 

Cyathophylloid Chsiophyllids are not uncommon. 

Alveolites sp. 18 very rare. 


Brachiopods: 

Seminula ficoides and vars. occur very abundantly at certain 
levels; but these forms are no more prominent than <Athyris 
ef. glabristria, mut. §,, which locally is extremely abundant at the 
base, and A. ef. expansa, which ranges throughout and is abundant 
at certain levels. 

@. J. G. 8, No. 246, 2 A 
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Athyris cf. planosulcata is not uncommon. Leeticularia cf. reticu- 
lata occurs rarely in the lowest part. 

Spirifer cf. bisulcatus occurs locally at some levels. Sp. cf. fur- 
catus and Camarophoria isorhyncha are locally abundant at the 
base. 

Orthothetes aff. crenistria, mut. C, occurs not uncommonly through- 
out, and is abundant at the top of the subzone. 

A well-marked, spinous mutation of Productus concinno-Martint 
(= Pr. ef. semireticulatus, mut. 8,) is abundant in the upper part of 
the subzone. 

Productus aff. Cora, mut. C, occurs occasionally. Pr. 0 is abun- 
dant at certain levels, and extremely prolific in the topmost beds. 
Pr, aff. hemisphericus is not uncommon. Pr. punctatus has been 
recorded! in this subzone. Specimens of a fimbriate Productus 
occur not uncommonly. 

Chonetes cf. papilionacea is prolific in the upper part, and is 
associated, in the uppermost beds, with abundant specimens of 
Ch. aff. comoides, 

Dieiasma cf. hastata and Pugnax cf. angulatus occur very rarely 
in this subzone. 


S,=Subzone of Productus aff. Cora, mut. 8. (Cora- 
subzone.) 


General lithological charaeter.—Massive limestones, con- 
sisting mainly of beds which are dark blue-grey or black in colour 
and very compact in texture. 


The fauna of this subzone contrasts strongly with that of the 


preceding subzone, for, although abundant in individuals, it is poor 
in species, 


Coral-fauna: 


Lithostrotion Martini and variants. Very abundant throughout 
the greater part. 

Syringopora ct. distans. 

Syringopora cf. geniculata. p 

Carcinophyllum aff. 0. p Ceca 

Cyathophyllum Murchisoni (?) 


Brachiopod-fauna: 


Seminula ficoides and closely-allied forms. | Very abundant throughout 
Productus att. Cora, mut. 8,, and variants. \ the greater part. 
Productus aff. hemisphericus, increasing in numbers. 

Productus ‘giganteus, abundant in the topmost beds. 

Chonetes ef. papilionacea, abundant at recurring levels, 

Chonetes aff. comovides, 

Orthothetes aff, crenistria, rare. 

Cyrtina aff. carbonaria occurs in the lower part. 


The subzone is especially characterized by Productus aff. Cora, 
mut. 8,, and by the maximum of Seminula. 


* Producius punctatus is abundant at the base of §, in the Weston-super- 


Mare district, but I have failed to record it at the same horizon in the Mendip 
area. 
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D=Zone of Dibunophyllum aff. turbinatum. 
(Drsv wopyuyttumu-Zone.) 


General lithological character.—Massive limestones, with 
some rubbly limestones, and subsidiary shales. 


Coral-fauna: 


Alveolites septosa. 

Syringopora cf. distans. 
Syringopora cf. geniculata. 
Syringopora cf. ramulosa. 
Lithostrotion Martini and variants. 
Lithostrotion trregulare, 
Lithostrotion Portlocki. 
Cyathophyllum Murchisont and 


variants. 


Brachiopod-fauna: 


Seminula aff. ficoides. 
Athyris cf. expansa. 
Athyris cf. planosulcata. 
Martinia aff. lineata. 
Spirifer cf. bisuleatus. 
Cyrtina sp. 

Orthothetes aff. crenistria. 
Derbya aff. senilis. 
Rhipidomella sp. 
Productus aff. Cora, muts. 
Productus hemisphericus and vars, 


Subdivisions :— 


| 
| 
| 
| 


Koninckophylloid Cyathophylla. 

Campophyllum spy. 

Clisiophyllids of numerous types, 
such as Carcinophyllum 0, the 
group of Dibunophyllum aff. tur- 
binatum, and Cyclophyllum. 

Lonsdalia floriforimis. 


Productus o. 

Productus giganteus, 

Productus cf. latissimus. 

Productus concinnus, mut. D,, and 
vars. 

Productus aft. scabriculus. 

Productus punctato-finbriatus, im- 
cluding Pr. aff. elegans. 

Productus sp., convergent with 
Pr. margaritaceus. 

Chonetes atf. comoides. 


D,=Subzone of Dibunophyllum @ and Dibunophyllum $. 


(@ p-subzone.) 


Special faunal characters :— 


Corals: 


The subzone is especially characterized by :— 


(1) The numerical maximum of the Clisiophyllids. 


The most abundant 


forms are Carcinophyllum 0, Dibunophyllum 0, and D. 9. 
(2) The great abundance of Cyathophyllum Murchisoni and its variants. 


Olisiophyllum aft. curkeenense occurs in this subzone. 
Lithostrotion Martini and its variants are still common, though 


greatly reduced in numbers. 


Alveolites septosa is abundant. 


Campophyllum sp. and Koninckophylloid Cyathophylla occur. 
The species of Syringopora include S. cf. geniculata, S. cf. distans, 
and S. cf. ramulosa; of these, the first is the most abundant. 


Brachiopods: 


The subzone is especially characterized by the ereat abundance of 
Productus * giganteus,’ Pr, hemisphericus, and Chonetes afl. comotdes. 


* 


VN a 
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Variants of Productus hemisphericus are common. Pr, aff. Cora 
is abundant in a characteristic mutation. Pr. aff. elegans occurs 
rarely. 

Athyris cf. expansa and Derbya aff. senilis are common. 


Seminula is uncommon, Martinia aff. lineata, Orthotheles, and 
Cyrtina are rare. 


D,=Subzone of Lonsdalia floriformis. (Lonsparta- 
subzone.) 


Special faunal characters :— 
Corals: 


Lonsdalia floriformis and Lithostrotion Portlocki are highly 
characteristic. JZ. irregulare is abundant. L. Martini, in its muta- 
tions towards ZL. irregulare and L. Phillipsi, is common. 

Dibunophyllum , Cyclophyllum pachyendothecum, mut., and 
Lonsdalia-like Carcinophylla are common. 

Cyathophyllum Murchisoni, though far less abundant than in 
the lower subzone, is-still common. 

Koninckophylloid Cyathophylla and a Campophyllid occur in this 
subzone. 

Syringopora cf, distans is fairly abundant. 


Brachiopods: 


Productus is characteristic and very abundant. Pr. concinnus, 
mut. D,, is characteristic, and occurs very abundantly in the upper 
beds: costatus-like variants of this form are abundant. 

Productus henisphericus is uncommon, Pr, sp., convergent with 
Pr. margaritaceus, occurs in the upper part of the subzone. Pr. 
punctato-fimbriatus and Pr. cf. latissemus occur commonly. 

Productus aff. scabriculus is not uncommon. 

Chonetes aff. comoides, in a mutation possessing accentuated 
Productoid characters, is abundant at certain levels. 

Derbya aft. senilis, Athyris cf. expansa, A. cf. planosulcata, 


Martina aff. lineata, Spirifer cf. besulcatus, and Rhipidomella sp. 
occur somewhat rarely. 


III. Generar SrrarigRAPHY oF THE CaRBONIFEROUS LIMESTONE 
In THE Menpip Appa. 


The following general remarks are intended chiefly to explain 
the system on which the exposures of the Carboniferous Limestone 
are Classified in this paper. 

Broadly considered, the stratigraphy of the Carboniferous 
Limestone in the Mendip area has been determined by elevation 
along four main axes, each of which runs in an easterly and westerly 
direction. The Carboniferous Limestone of the main Mendip 
outcrop may, then, be treated with reference to four anticlines 
which have an easterly and westerly trend; or rather, more 


e 
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strictly speaking, with reference to four periclines, each of which 
has its longer axis trending approximately east and west. 
Denudation of the summits of these periclines has exposed the Old 
Red Sandstone at Black Down, North Hill, Pen Hill, and Beacon 
Hill (see map, Pl. XXXIII). Taken in order south-eastward, these 
periclines are as follows :— 


(1) The Black-Down pericline, extending from near Compton Martin west- 
ward, through Black Down and Bleadon Hill to Brean Down, and 
finally represented, in mid-channel, by the Steep Holme. 

(2) The North-Hill periclive, extending westward from Red Hill (near 
Emborough) through Eaker Hill and North Hill to Priddy, and still 
farther westward from Priddy, towards Draycott. 

(3) The much-faulted pericline of Pen Hill, which extends, in a direction a 
little south of west, from Gurney Slade and Binegar to Pen Hill and 
Rookham Hill, and probably affects the ground north of the Ebbor 
Valley, considerably west of Rookham Hill. 

(4) The Beacon-Hill pericline, extending eastward from Maesbury, through 
Beacon Hill, Tadhill and Little Elm, to the vicinity of Frome. 


In addition to these main folds, other minor folds and many 
faults have affected the structure of the area. ‘The east-and-west 
anticline of Tor Hill and Lyatt Hill, south of the main outcrop, is 
probably connected with the anticline which, according to the 
Geological Survey-memoir,’ is indicated near Bowlish, immediately 
north of Shepton Mallet. 

The existence of so many isolated masses of Carboniferous 
Limestone, south of the main outcrop, as at Nyland Hill, Lodge 
Hill, Wookey, Dulcote Hill, Worminster, ete., points to considerable 
disturbance, probably of a complex nature. 

The important faults and fault-complexes of the Mendips are 
mainly confined to the eastern half of the area. The following are 
some of the most noteworthy :— 


(1) The great thrust-fault on the south side of the Ebbor Valley, south of 
Priddy, which has thrown beds of the Upper Zaphrentis-Zone against 
shales of ‘ Millstone-Grit’ age. 

(2) The extensive fault, or system of faults, on the north side of the Old 
Red Sandstone of Pen Hill. 

(3) The fault-complex of the Emborough district. 

(4) The great north-and-south fault of Heale and Downhead, on the south 
side of the Beacon-Hill pericline, which has let down the beds on the 
east, and thus considerably reduced the width of the Old-Red-Sandstone 
outcrop north of Downhead and at Little Elm. 

(5) The complex movements which have produced inliers of Carboniferous 
Limestone at Vobster and Luckington, in the Radstock Coalfield, north 
of the Mendip outcrop. 


The outcrop of the uppermost part of the Avonian Series, in the 
Mendip area, is very limited in extent, and is chiefly confined to 
the district between Gurney Slade, on the west, and Mells, on the 
east, bordering the northern outcrop of the Millstone Grit. This 
is due to:—(1) The enormous amount of denudation which the 
district has suffered in various periods; and (2) the incomplete 


1 « Geology of Hast Somerset & the Bristol Coalfields’ 1876, p. 196. 
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removal of the covering of Triassic and Jurassic deposits. In the 
southern part of the area, the Dibunophyllum-Zone has a very 
small outcrop, and is exposed only at two or three points. Hast 
of Downside, as far as Heale, the northward extension of the Lias 
and Inferior Oolite is so great, that the outcrop of the Avonian 
rocks is intermittent, and is confined to the Cleistopora- and 
Zaphrentis-Zones. The Heale fault, by letting down the Limestone 
on the east, brings in the Dibunophyllum-Zone at Leighton, where 
the overlying Inferior Oolite has been removed; but, in the extreme 
east of the area, the Carboniferous Limestone is exposed only in 
the gorges of streams, which have cut through the superincumbent 


Oolites, as at Vallis Vale, Whatley Bottom, and Holwell Valley. 


IV. Descrivrion or Exposurns IN THE Mrnpie ARFA. 


(1) Continuous Sections. 


Only four sections in the Mendip area can be classed as 
‘continuous sections.’ 


(a) The Burrington-Combe section, on the north side of the 
Black-Down pericline. 


In Proc. Bristol Nat. Soc. ser. 4, vol. i, pt. 1, 1905 (issued for 1904), 
pp. 14-41, I have described this fine section, which affords by far the 
most complete sequence exposed in the Mendip area, in detail; con- 
sequently, I need only here mention its extent. 

Zonal extent :—All the zones and subzones up to, and including, the 
base of the Dibunophyllum-Zone. 


(6) The Cheddar-Gorge section, on the south side of the Black- 
Down pericline. 


This magnificent gorge, together with the ravine which, branching off 
on the east side, runs northward to Long Wood, affords a fine section. 


Zonal extent:—Upper Syringothyris-Zone, Seminula-Zone, and the 
base of the Dibunophyllwin-Zone. 


(c) The Maesbury railway-section, on the north-western side of 
the Beacon-Hill pericline. 


The cutting on the Somerset & Dorset Joint Railway, north of 
Masbury * Station, affords the only really good section of the Cleistopora- 
Zone to be found in the Mendip area. 

Zonal extent :— Cleistopora-Zone (K,, K,, & 8) exclusive of the 
lowest part (M). c 


(d) The Vallis-Vale section, near Frome, on the north side of the 
Beacon-Hill pericline. 


The numerous quarries in Vallis Vale, taken together, constitute a 
fairly-continuous section. : 
Zonal extent :—Upper Zaphrentis-Zone (Horizon y not exposed), 


Syringothyris-Zone (uppermost 400 feet exposed), and the base of the 
Seminula-Zone. 


 Misspelt thus by the railway-authorities. 
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(11) Classified Lists of Exposures, arranged zonally. 


In the following lists are included all those exposures in the 
Mendip area which I have examined personally. In the exami- 
nation of so large an area in a limited space of time, it is, of course, 
likely that some exposures have been overlooked ; and this statement 
applies especially to the Cletstopora-Zone, many exposures of which 
occur in by-lanes. But it is claimed that the following lists include 
all the quarries and important sections in the area, besides a 
majority of the disused quarries and isolated exposures of importance. 

For convenience of reference, the exposures are assigned, so far 
as possible, to the several periclinal masses; exposures in the 
isolated masses north and south of the main outcrop are tabulated 
im separate sections, under their respective zones. 

The column headed ‘Sheet’ defines the sheet of the 6-inch 
Ordnance-Survey map (Somerset) on which each exposure lies ; 
while the column headed ‘ Horizon’ contains information as to 
the subzonal position of the exposures, in all cases where I have 
been able to determine the horizon with accuracy. 


Crzerstorors-Z one. 
Where best exposed in the Mendip area :— 


(a) The Burrington Section.* 
M well exposed; K, and K, poorly exposed. 


(6) The Maesbury railway-section (Somerset & Dorset Joint 
Railway). 
M not exposed ; K, and K, splendidly exposed. 


List of Exposures in the Mendip Area. 


A. The Black-Down pericline. 
North side. 


| Locality. | Description. Horizon. | Sheet. 
ee ee oe : 

Burrington Combe. (See below, footnote) ............... M, K,, K,| 18 N.W 
wn sl 2 rae 

South side. 

ae i slp Nidan: rise ey esi | 
| South-east of Ship-| Section in the road-cutting leading | 
| ham. from Longbottom Farm to Trot’s 
Wn@lormers nuadewsdan hee ischoreatcewsss K, 18 S.W. 


1 See Proc. Bristol Nat. Soe. ser. 4, vol. i, pt. 1 (1905) pp. 18-22. 
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B. The North-Hill pericline. 


West side. 
| = j | 
Locality. | Description. | Horizon. | Sheet. 
- i | 
| North-east of Priddy Cutting in Nine Barrows Lane a M 27 N.E. | 
C. The Pen-Hill pericline. 
West side, 
ais aa re > > See tha ne j at 
Rookham Hill ...... | Roadside-exposure .......0.....0000- K, 28 S.W. | 
D. The Beacon-Hill pericline. 
North-west side. 
Maesbury section = Cutting on the Somerset & | 
Dorset Joint Railway, north of| 
“Masburry aStationen ssa | K,, K, |.41 N.E 


ZAPHRENTIS-Lone. 
Where best exposed in the Mendip Area :— 


(a) The Burrington section.’ 
Z, and Z, (lower part) finely displayed ; Horizon y magni- 
ficently displayed. 


(6) The Downside Quarries (Windsor-Hill Quarry, Ham-Wood 
Quarry, and Downside Quarry) north of Shepton Mallet; and the 
railway-cutting on the north side of the Windsor-Hill tunnels. 

Z, (upper part) exposed in Windsor-Hill Quarry and in the 
cutting north of that quarry ; Z, finely displayed in Ham- 
Wood Quarry, Downside Quarry, and in the cutting at the 
entrance to the tunnels. 


(c) The Waterlip Quarries. 
Horizon and Z, exposed in the quarry east of the 
Methodist Chapel; Z, finely displayed in Waterlip Quarry, 
east of the road, and in a smaller quarry west of the road. ; 


* See Proc. Bristol Nat, Soc, ser. 4, vol. i, pt. 1 (1905) pp. 22-29. 
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List of Exposures in the Mendip Area. 


A. The Black-Down pericline. 
North side. 


| 
Locality. | Description. Horizon.| Sheet. 
| 
| 
Brean Down ......... | Cliffs on the south side of the Down, 
WESLOMD Palibiiscsessnseseeeadenesnees Hor. y | 16 N.W. 
Who kar lees ceetrcee sere Hillside section south of Uphill \ 
ie) Carn vane etter eeee eecmentes Z, | 
Wiphw@ warny eect eee Hor. y , 
Large disqeed qunne on the east (top) ae pe 
| side of the line, near Bleadon i 
| & Uphill Station (G.W.R.) ...... Z ) 
Bleadon Hill.........) Old quarries on the top of the | 
hill, south of Hutton Wood ... Z, | 
Hutton Combe...... Small roadside quarry above Yew- = 
peiveol@ ottacemamcstsc-eneenses sac Z., pL CNW 
Old quarry beside the lane leading | 
past Canada Harm ........2.-..<- Yi NN) 
Sandford Hill(south Old quarry at the end of Mapleton 
side). epeluanre, north Oi Staleseceeedeacscce: Hor. y | 17 N.E. 
Rowberrow-to- | Old quarry on the south side of the \ 
Churchilltraverse.. ravine, south of Dolebury Camp. Z, 
| Quarry beside the main road, and | 
escarpinent on the south side of L18N.W. 
Doleburys Camp means.cceasearer ast Z, 
urrington Combe... (See above, p. 340) ........-..0.. l rroes 5 ae 
South of Blagdon ... Old quarry west of the lane lead- | 
| ing to Middle Ellick Farm...... Z, 18 N.E. 
Blagdon to Nord- Old quarries :—(1) roadside north! 
rach-on-Mendip. | of Paywell Farm; (2) beside} | 
| lane, west of the road, Rua | 
| of Paywell Farm ........ceccce.: 7, “i 18SE 
South side. 
Bilsbadournsececcce Section on the western side of | | 
Purn Hill, west of Bleadon...... Z,&y || | 
Ravine running into the hill in a +16 8.E. | 
north-easterly direction, north-| | 
Olguaenyillaceswcmsee eres anectes | Za &y |) 
North-west of Chris-} Cutting at the side of a lane on the 
ton. south-eastern edge of Christon’ | 
laste bl Olam Wea susaeeeeceees-oes Z, 17 N.W. | 


Old quarry at the side of the road \ 

to Hutton, at the western edge | 

OH Is hte| eyed UEEYAE eeoneone se soccor Oe Zs bay s.W 
North side of Crook} Quarry “at the side of the road a: 

Peak, leading from Webbington to | 
Winscombe Poe omen eee Coal Z, y 
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| 
Locality. Description. Horizon. | Sheet. 
North-east of Ax-| Field-exposures on the east side } 
bridge. of the road leading to Shipham, | | 
north of the quarries ............ Z, (upper) 
South of Black] Quarry at Trot’s Corner, south-| | 
Down, between east of Longbottom Farm ...... Hor. B | $18S.W 
| Shipham and | Quarry in a field south-west of| 
| Charterhouse. Mynineise Warmnieeeeseectscee sss es Z, | 
Quarry close to Long-House Barn, | 
north of Piney-Sleight Farm ... Z, 3 
Charterhouse ...... Two quarries on the north side, \ 
of the valley; respectively west | | 
and east of the Priddy road ...| Z, ‘+18 S.E 
Nordrach - on -Men-! Old quarry in a field north of the | | 
dip. [Sanatorium cece cer cececeseseweerl Z, ) 
| 


B. Isolated exposure south of the Blavk-Down pericline, and 
west of the North-Hill pericline. 


| | | foe, | 
South-east of Ched-) Old quarry in a field, in the 


dar. northern angle of the cross-| probably 
roads, north-east of Lyde Karm.| Z, 27 N.W. 


C. The North-Hill pericline. 
North side. 


\NVIGSS LBNGL, Coot ociccec Old quarry on the north side of 
the road, a little east of Haker- 
EU Parm etree tacaerosasscesh es Hors) e28iN a We 


West side. 


| North-west of | Old quarry on the north side of \ 
Priddy. | the Cheddar road, 400 yards | 
west of Townsend Pool ......... Z, { 27 NE 
North of Priddy ...| Old quarry in a yard at Townsend. 75 f Tr i 
East of Priddy ......| Old quarry on the east side of Hast- | 
Wed eIe ID ROWE pecomsoconosnesesssesces Z, (lower)! ! 


South side. 


| 


East of Priddy ...... St. Cuthbert’s Lead-W orks; broken 
ground and trenches ............ Z, 
North of Pen Hill .| Old quarry in a field on the west 
side of Sideling Plantation ...... Hor. y 
Green Oto memeter: Old quarry on the west side of the 


Bath-Wells road, 600 yards 
northward from the Green- 
Ore cross-roads 
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D. The Pen-Hill pericline. 
North side (faulted). 


| | | 
Locality. Description. | Horizon, | Sheet. 
| 


Vahilll Eso) apaseeos Exposures in Valley Wood ...... i 45 | 28 S.W. 


West side. 


Rookham Hill ...... Escarpment on the west side of | 
the toad ecaee scent oreenesten or acian Z, 28-S.W. 


South side. 


i 


| Horrington Hill ...) Old quarry under the ridge, north-| \ 
east of West Horrington ......... | 
| Quarries :—(1) close to the road} } 
| | at Paradise Cottage; (2) at the 
roadside farther up the hill | 
| South of West Hor-| Quarry at the roadside, imme- 
rington. diately north of the Somerset! 
| & Bath Lunatic Asylum ......... ox seyanee leave 


41 N.W. 


28 S.W. 


Isolated exposure in faulted ground, west of the Pen-Hill 
pericline. 


| 


| 

South of the Mill-| Several exposures on high ground,| 

stone Grit of the) eastof the footpath leading from 

Ebbor Valley. Lynchecombe Lane (Westbury) 
Peeetowards brid diye. steeseereanna Z, 27 SE. 


EK. Between the Pen-Hill pericline and the Beacon-Hill 
pericline, 


West of ‘ Masbury’ > _Stony-Bottom Quarry (disused).... Hor. y | ] 41 NE 
Station. | Blackheath Quarry ... ...........-+- Z, f 
Quarry in a field, 400 yards south, | 
Is of late Housel siklcciecccceess)s | Z, | 288. 
| 
F, The Beacon-Hill pericline. 
North side. 
Stoke Lane ......... Quarry in the village, 60 yards 
north-west of the church .......| Z, 42 N.W. 
Wihatley:  Scecscseee Quarry by the roadside, on the \ 
south side of Whatley Bottom | Z, 
Vallis Vale, near| The southern end of the vale: 30 S.W. 
~ Frome. several small adjacent quarries Senehthe i 
on the west side, and a large | 
quarry on the east side ......... Z, ) | 
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North-west side. 


ia 
Locality. Description. | Horizon. | Sheet. 


| 
Maesbury section .../ Cutting on the S. & D. J. Railway, 


nor th of ‘Masbury’ Station; 
northern end of the section...... Hor. B | 41 N.E. 


South-west side. 


| 
MN Sab Oey can aocaeenoccce | ‘old quarry by the roadside, imme-| 
| diately north of Thrupe- -Lane! 

d ysl Sea coAnnodneabenogroodsesnaeLoeRe Z, | 

| 


North of Shepton] The Downside Quarries, and ete 
Mallet. way-cutting north of the Wind- 
sor-Hill tunnels (see above, 

9 40)) nosodoszanqahansdosseonse5¢00 Sh Cathy | 


South side. 


Miaterlipi: successes | The Waterlip Quarries (see above, | 
p. 840) and an old quarry eee | 
of the Methodist Chapel ......... Wi GseZiip Zion | 22 NNN 

Near Downhead ...| Small roadside quarry, 70 yards &S | 
south of the Methodist Chapel, 
between Heale and Downhead. .! Z, 42 N.E. 


{ 


G. Isolated mass south of the main outcrop. 


Friar’s Oven, south-| Exposure on the north-western flank | 
east of Croscombe. of the hill, close to the railway . Z. 41 $.E. 


SYRINGOTHYRIS-ZON€. 
Where best exposed in the Mendip area :— 
(a) The Burrington section." 
Complete exposure of the whole zone. 
(6) Brean Down. 

The greater part of the zone, from Horizon y upward, is 
finely displayed in the cliffs all round the Down, and in the 
several quarries. 

(c) Uphill Quarry. 
The lowest 100 feet of the zone, finely exposed. 
(d) Bleadon—The Little Down Quarries. 

The two northern quarries afford a continuous section of 

the middle part of the zone, the total vertical thickness 


* See Proc. Bristol Nat. Soc. ser. 4, vol. i, pt. 1 (1905) pp. 29-35. 


Vol. 62. ] LIMESTONE OF THE MENDIP AREA, 345 


exposed being about 250 feet. The southernmost quarry, now 
long disused, Shows a level at the top of the zone. 
(€) Vallis Vale, near Frome. 

Four quarries, in the northern part of the Vale—two on the 
western side, and two on the eastern—afford a discontinuous 
section, which extends about 400 feet downward through 
the zone. 


List of Exposures in the Mendip Area. 


Nort :—There is no palxontological subdivision of this zone; the symbols 
, and ©, are employed to denote lower and upper parts of the zone 
Lares 


A. The Black-Down pericline. 
North side. 


| 
| Locality. Description. | Horizon. | Sheet. 
| H 
| Brean Down ......... Cliffs all round the Down; and two | H 
quarries on the north side, western | 16 N.W. ; 
| OMe acc tecen eat raeaaise er aceite inten b 0-0, | SNE 
aS antl Tecopengecorcc: LU} PuID ATER! aanceapoodesanconmedaces | 
Old quarry by the roadside in the C, | 16 N.E. 
Willave eatieameteeeee cae e en eesateaten | 
Heil tiong s.eereee cee Quarry just off the Banwell road, | 
| | near Lower Canada, east of 
| EE UGUOM eR eaeeee ceo ace ee rae C3 WNW. 
| Quarry in Hutton Combe Sees ane aeeed tek tet | 
I Banweellllemsescties caeee Quarry on the hill south of the \ 
village, north-west of Banwell. 1 | 
Castle Wie Ac en et C, | +17 N.E. 
Sandton mmceeteeee Quarry at the western end a | | 
| | aisterryelioiuelds SGT Seonsnocimneto. cocntelt Ma ebascs J 
_ Rowberrow-to- Two adjacent quarries on the main’ | 
Churchill traverse.) road, west of Dolebury Camp .. C, 18N.W. 
| Burrington Combe. .| (See above, Devote) Me cre ecehe seas | Oe. j 
Blagdon! eace-csese | Quarry on the west side of fe | 
road, south of village............... | C, 18 N.B. | 
South side. 
lead on ecueeresteees | | Two quarries at Purn Corner, west 
| Obs lead One reicisacicc die two sels ceaects ee ) 1GSE 
| Little Down Quarries (see above, | | race 
pe SAA nassnecess cries cease aerenss Ce | 
| Wonderstone......... Cutting on the road between! 
Bleadon and Wonderstone ...... re a 
Old quarry at Wonderstone ....... 
Hoxton ceuveereed Naiaarry on the hill north of on mg 8.W. 
| SCHOOL rosaccaeenctonncrcesenmaenedosmen| i mectes li | 
| Crook Peak ......... | Exposure at the summit ............ ; C, (top) |/ 
| 
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Wood to the Gorge; and in the! 


Locality. Description. | Horizon. | Sheet. 
| 
AGIVVCE) Aanopasscods Quarry near the road on the west) ) 
| side of Shute-Shelve Hill, north-| | 
| west of Axbridge ...............08. ; Os 178.H. 
Quarry north of the Sanatorium,| | 
north-east of Axbridge ............ }} 
| North- east of Ax- Two quarries and two disused \ 
bridge, north- west, quarries in the combe west of Cal- | 
of Cheddar. | low Hill, on the road to Shipham) C,—-C, 
North of Cheddar) Old quarry west of Piney-Sleight | 18 S.W 
Gorge. | Barns ® cgume nen bee s. vascete Saea eee ee ( ; 
Cheddar section ...! In the ravine running from Long 


Gorge, due west of this ravine.. C, 
South-east of Char- Quarry near Templedown Farm.. | C, (top) | 18 8.E. 
terhouse. | 


B. Isolated mass south of Cheddar. 


INDABA GospbAdanasecde Small quarry on the eastern side 
Of Nylander seemeeeeeeeeee | 


| Excavations beside the road leading 2 


to Nyland Farm, east of the Farm, 


| 
| 


C. The North-Hill pericline. 


South side. 


| 
West of Priddy ...| (1) Small quarry and excavations \ 
in Coxton-End Lane, about 600) 
yards west of Dale Farm vce. | 
(2) Old quarry about 500 yards }......... 27 N.E. 
West Ofc(li) sr emaccemases sens emenastite | | 
(3) Small quarry in a field; about) | 
230 yards west, a little north, of (2)) ) 
South of Priddy ...| Quarry ina copse on the westside CC, (?) 
of PiltoneD coy meee emermerr nce | or 8, @) } 
North of Pen Hill...) Quarry and adjoining old quarry, 
south side of the road, a little 
west of Sideling Plantation seisee C, | 28 S.W. 


Ground probably connected with the North-Hill pericline. 


| 
DD raycobbm eaass-cure es Quarry and adjoining exposures, 


on the hill north-east of Draycott.' heat | 27 N.W. 
Draycott to Priddy.) Old quarry on the south side of | 
* New Road irmnaaeesscerinens ces | Oi 3 POFCINTSIN 
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D. The Pen-Hill pericline. 
East side. 
Locality. Description. | Horizon. | Sheet. 
| | | 
North of Binegar) Old quarry on the railway, about 
Station. 1050 yards from the station...... Upper C, 
South of Binegar) Quarry on the railway, 350 yards) | 
Station. fromethe station sescnaeneeeeer es | C, 
Old quarry beside the railway, at| (428 SE 
the bridge near Whitnell Farm... C, i eer 
Binegar Bottom ...) Cutting on the tramway which! 
crosses the road; and small 
quarry in a field, immediately 
west of the tramway ..........-.... ae Cem 
KE. The Beacon-Hill pericline. 
North side, 
(OBA, coascanosnoccos Quarry by Limekiln Farm, north! } 
of the village) vceaeseceneesesaseese | c,-C, || 
Stoke Lane ......... In a ravine running northward to ees 
Cook’s Wood. Small quarry on aa a 
the west side, and quarry on the | 
east side farther north ............ I } 
Leigh-upon-Mendip.| Quarry east of the Vobster Road, 
north-east of the Church ......... Upper ©.,,| 42 N.E 
North-east of Murder Combe Quarry ............ 
Whatley. 
Vallis Vale, near | Four quarries (see above, p, 345) i ae a BESS 
Frome. | 


Sreurnurt4é-Zone. 


Where best exposed in the Mendip area :— 


(a) The Cheddar section. 
The fine section in the Cheddar Gorge includes the whole 


of the Seminula-Zone, and affords the best display of this zone 
to be found in the Mendips. 8, is exposed, in the western 
part of the ravine which branches off the Gorge and runs 
northward to Long Wood, and all down the Gorge as far as 
the large quarry; in this quarry, the top of the subzone is 
very well seen. S, is not so well exposed; but the lower part 
of the Gorge, between the large quarry and a disused quarry 
immediately south of the Cliff Hotel, affords a nearly-continuous 
section. 

A fairly-complete duplicate section can be examined in the 
upper reach of the Gorge, ascending from the mouth of the 
Long-Wood ravine. 
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(6) The Burrington section." 

Includes the whole zone, but the exposure is somewhat 
incomplete. 

(c) Binegar and Gurney Slade. 

S, is well seen in Binegar Quarry ; and also in an extensive 
quarry, close to Moor’s Farm, on the west side of the road, 
north of Gurney Slade. 

(d) Holwell. 

S, 1s finely displayed in the three quarries on the western 
side of the valley, and in the large disused quarry a little 
farther west. 


List of Exposures in the Mendip Area. 
A. The Black-Down pericline. 
North side, 


Locality. Description. | Horizon Sheet 
Nea | Pg ee eee hee GG. 
| | | 
 ISUAAObON 2 ommasranadsae Quarry on the north-western 
| | border of Hutton Wood, south- 
| | westiot the church <.....2.5...... 8, LT ENBWe 
| Burrington Combe .| (See below, footnote) ............... {| FShp TS |hallte} IW 
| South-west of Old quarry by Whitegate Lodge, 
Compton Martin.| at the head of Compton Combe.|...... 18 S.E. 
| South of Compton} Butt’s Quarry, west of Harptree- \ 
' Martin. ill Sharm ene ee eee ie top of S, | | 
Quarry on the east side of Wells “| $19 S.W 
| road, near the south-eastern, | 
| corner of Upper Harptree Wood top of 8, |) 
| 4 
South side. 
WCrook Peakec.eaue | | Quarry beside the road, south side \ 
| ‘Of Orooksl cakgeenem a eee eae By 
Exposures on thesouthern flanks of + 8, 17 SW 
CrookwBeakiee scares nthe es 
Quarry at Denny’s Hole, near | 
| Dunnett-Head Farm ............ 8 
IN OROSSz neva sescmneeeeuen Quarry near the reservoir, port : | 
of the maim Toad fe...0:-...060.... 8 
AXDIIG ee Ser ee) went Old quarries on the south side of : cet 
Shute-Shelve Hill, near the | 
| | railway, west of the station......| 8 ) 
| North of Cheddar.. | harey and adjoining section in ; 
‘Battie! Comber se: oo. | NS) | 18 S.W. 
Cheddar Gorge...... | (See-above, pr S47) foicassccsnecsos} 8,, 8, 18 S.W. & 
| 27 N.W. 


* See Proc. Bristol Nat. Soe. ser. 4, vol. i, pt. 1 (1905) pp. 36-37. 
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b. The North-Hill pericline. 
North side. 
| 
Locality. Description. Horizon. | Sheet. 
Green Down, west of Quarry near Lily-Combe Farm ...| top of S, | 28 N.W. | 
Chewton Mendip. | | 
Chewton Mendip... Quarry in Willet’s Lane, north- | 
west of Chewton Priory ......... top of 8, 
East End, south of; Quarry by the road, at the end of 28 N.E 
Chewton Mendip.) Manning’s Lane, east of East; 
l hits ee yaaa acmaceandecucdoosscroomcnle lbestes ) 
South side. 
Between Priddy and) Old quarry on the south side of 
Draycott. ‘New Road,’ south-west of | 
Bristol-Plain Farm ............... 27 N.H. | 
C. The Pen-Hill pericline. 
South side. 
——— ; 
| 
| Milton Hill, north-| Milton Quarry, and quarry on the ) | 
| west of Wells. southern edge of Under Wood . S, \ 4] NW) 
| Stoberry Warren,| Two adjacent quarries, at the} Upper S, | { | 
north of Wells. northern end of Beryl Lane ...|& LowerS,,| ) | 
=e eet ——s ae er I, afl ae et 
East side. 
] 
| Binegar Bottom ... Discontinuous section, terminating 
| iin antsoldiquant yes orecesseeses Ss, 
Gurney Slade ...... Binegar Quarry ; an extensive dis- 
used quarry on the east side of, 
the road to Emborough ; and. 
a quarry beside the Emborough, +28 S.E. 
road, near Moor’s Farm, north | | 
ol Gurney Slade: ..--sssscencs- cee S, 
Old quarry south-east of Binegar 
Quarry; and hillside section; 
east of this old quarry............ 8, ) | 


Complicated ground, probably connected with the Pen-Hill 


pericline. 


| 


South-west of Em-) Quarry in the wood termed ‘ Quar ) 
borough. | ‘Tyning, on the west side of the ! 
ANGUS RORVEL  Goodbannaustogasceacane: top of S, | | og SE 
South of Em- Exposures in a ravine, south-east | (pears) 
borough. of Lechmere Water, and west | | 
of Emborough Quarry............] 0 ...... ) 
Q. J. G. 8. No. 246. 28 
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Probable westward extension of the Pen-Hill pericline. 


Locality. Description. Horizon. | Sheet. 


{ 
| | 


| 
e 


Ebbor Rocks, south Exposures throughout the gorge. Sie 

of Priddy. | Old quarries about 1 mile north- \ Upper S, | | 
west of the mouth of the gorge f &LowerS,) }27 S.E. 

North of bike | Quarry on the hill, near Foxhill’s | 

Wood ) 


Ucieeisieialae nie cieipeie tis ale\sleteisiele seleiaieia||) | miseries 
| \ 
) 


D. The Beacon-Hill pericline. 
North side. 


Between Oakhill | | Quarry i in a field, immediately east 
and Stoke Lane. | of Batch Farm. ..........ce00+- | Upper 8, 
_ Cutting, in the lane through Lime-) 42.N.W 
kiln Wood, north-east of Batch Ni(c hcg 
1 BON Graneeeenetenamedpascononocpoae: 8 | 
Vallis Vale, near The northern end of the vale; old | 
Frome. | quarry on the east side, "and 
| quarry on the west side ......... ' Lower 8, | “30 S.W. 


South side. 


TSO o ecccoosenc0 Three quarries on the west side of, 
the valley; and three disused 
quarries farther west ............| 8, 42 N.E. 


E. Isolated masses north of the main outcrop. 
South of East Harptree. 


| | 
Near Morgan’s | oa quarry in a field, west of] 
Cottages. | Morgans Wane. tenets csccensss Veescces 19 S.W. 
— ~ — = 
The BAe: Vobster mass. 
Upper Vobster ......| Vobster: Quarry <..0..........0+c.e0- ‘UpperS &| 29 8.E. 
Lower S, 


F. Isolated masses south of the main outcrop. 


The Tor-Hill anticlinal. 


Tor Hill, Wells...... Norbu Qwarryerereamereeeescs.seees | Upper 8, | AISNE We 
| 
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The Dulcote-Hill mass (south of Dinder). 


| | 
Locality. Description. | Horizon, | Sheet. 


Dulcote Hill ......... Dulcotehill Quarry and Dulcote 
QUALT yctwrpas teri ocideciaescceseoe| | | teacea 41 8.W 
Church Hill ........: Quarry on the road, a little west Spa || 


ouOhurchil|e Mouse). sec. teo eres entire 
Paradise Hill.........) Quarry on the road, at the point) 
where a lane branches off to 
IDungeonsbanmsesrce-serseeeencl) meechee 41 S.E. 


Mass south-east of Croscombe. 


North of Old Wells, Old quarry on the south side of 
ROG essen suae ores HpeLitwelle Wood Mimcucsmevcntsats sere amoccess 41 S.B, 


DizunworuyiituM-Zone. 
Where best exposed in the Mendip area :— 
(a) Green Down, west of Chewton Mendip. 
A quarry near Lily-Combe Farm: base of D, well exposed. 
(6) Emborough. 
The old quarry, in the cutting leading to Emborough Quarry : 
Upper D, finely displayed. 
(c) Gurney Slade. 
A quarry on the north side of Gurneyslade Bottom : Lower D, 
well exposed. 
(d) Between Oakhill and Stoke Lane. 
The quarry in Limekiln Wood: part of D, very finely exposed. 
(e) North of Stoke Lane. 
A quarry beside Bector Lane, and a quarry in Cook’s Wood : 
D, well seen. 


List of Exposures in the Mendip Area. 
A. The Black-Down pericline. 


Locality. Description. Horizon. | Sheet. 
| Burrington Combe..| Quarry at the northern end of the 
SBAUOW sqokoouBndodetnes dcotacabasense base of D,|} 18 N.W. 
UWhley cococccsescccoees Quarry at the eastern end of Ubley 
Wood, south of the village ...... D, 18 N.E. 
Compton Martin ...! Quarry at the mouth of Compton 
| (Olasslete): sash ee bossseeleRecsnaboccancl| mcccude iy 
Butt’s Quarry, west of Harptree- 
| TMS Bares. ces nescce tees scene base of D, Lio S.W,| 
Two old quarries, on either side | | 
of the road, at Wells-Way Inn. 1D i) 


352 MR. T. F, SIBLY ON THE CARBONIFEROUS [May 1906, 


South side. 


Locality. Description. Horizon. | Sheet. 
= | zZ e 
Wheddarveees.ceosase Old quarry in Batt’s Lane, south \ 
| Sof Warren Hilly eye seccsccses Di | 
| Cheddar Gorge: an old quarry) 27 N.W. 
| beside the road, about 200 yards | 
| below the Oliff Hotel ............ | Lower D, | / 
| 


B. The North-Hill pericline. 
North side. 


Green Down, west of; Quarry near Lily-Combe Farm ...|base of D, 28 N.W. 
Chewton Mendip. 
Chewton Mendip ...| Quarry in Willet’s Lane, north- 
west of Chewton Priory ......... base of D,; 28 N.E. 


South-east side. 


| between Redhill Lane and the 
| Wells road, south-west of Em- 
| borough: Sa-ceeccessecsre se csenrere Upper D,| 28 S.E. 


| S 
| | Hmborough ......... ' Exposures in a field, in the angle! 
| 


C. The Pen-Hill pericline. 
East side. 


Gurneyslade Bottom ............ Lower D, 
| Quarry, and old quarry, on the! 
| south side of Gurneyslade 


| Gurney Slade ...... Quarry on the north side of | 
Bottom’ Werscessacsses seattle sce Upper D, | 


Complicated ground, probably connected with the Pen-Hill 


eackanel 
| Emborough ......... | Emborough Quarry, south of the | 
Fuller's Earth & Ochre Works.| Lower D, | 
Old quarry in the ea ee ‘| 28 S.E. 
north of Emborough Quarry ...| Upper D, 


Probable westward extension of the Pen-Hill pericline. 


West of Bbbor Exposures on the north-eastern 
Rocks, south of slopes of the Ebbor eles 
Priddy. bordering the Millstone Grit . .| Upper D,| 27 S.E. 


2| al 
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D. The Beacon-Hill pericline. 
North side. 


Quarry in Cook’s Wood ............ 
Quarry on the east side of Bector| , 
Lane, east of Cook’s Wood ...... )) 


Locality. Description. Horizon. | Sheet. 
Between Oakhill and} Quarry in Limekiln Wood, north- ) 
Stoke Lane. west of Batch Farm ............ 
North of Stoke Lane.) Old quarry near Moon’s - Hill) \ | | 
Farm, western edge of Cook's | , 
Wicd Sea ee ee | I D + 20 S.W | 
ni! 


WsMeells Succes acs cseevscirs Mells Quarries (GO) 8s naersanese 4 30 S.W 
| 
South side, 
Wbeighton ec... Quarry in a field, north-west of! 
thep ham] obmesecnmesevenssteess see D, 42 8. 


K. Isolated mass north of the main outcrop. 


The Upper Vobster mass. 


Upper Vobster ...... Old quarry opposite the siding on | 
the mineral railway, south of 
Vobsters @ uartyitccstacsc-oeerer 1D). 29 S.E. 


VY. CorReLation oF THE MEnpip AND Bristot AREAS. 


The correlation of the paleontological sequence in the Mendip 
and Bristol areas is treated somewhat fully in my paper on the 
Burrington-Combe section,! but a detailed examination of the 
Mendips has since shown that the comparison there instituted, 
which was based solely on a knowledge of the Burrington section, 
requires considerable emendation. 

In view of the close general similarity of the faunal sequence in 
the Mendips with that observed in the Bristol area, the following 
notes are confined almost entirely to the points of difference. 


The Crzrstopor4-Zone. 


A separation of the lowest portion of the Avonian as a distinct 
zone, namely, the Modiola-Zone, is less justifiable in the Mendips 
than in the Bristol area. For, while this part of the sequence is 
certainly characterized by the abundance of ostracods and the 


1 Proc. Bristol Nat. Soe. ser. 4, vol. i, pt. 1, 1905 (issued for 1904) pp. 14-41. 
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common occurrence of Modioliform lamellibranchs,! its brachiopod- 
fauna, which includes some prolific forms, has not yielded any 
characteristic forms that could justify a separation from the 
Lower Cleistopora-Zone. In the Mendip area, therefore, the lowest 
beds of the sequence, which, in part, represent a particular phase 
of sedimentation, are grouped with the Cleistopora-Zone, and 
distinguished as a ‘ Modiola-phase.’ ” 
Horizon a cannot be distinguished in the Mendip sequence. The 
paleontological characters which, in the Bristol area, link Horizon @ 
with the Cleistopora-Zone and distinguish it from the Modiola-Zone, 
are possessed by the Modiola-phase in the Mendip area. 
So far as my own observations are concerned, Cleistopora aff. 
geometrica is a somewhat unsatisfactory zonal index in the Mendips. 
This fossil has, however, one advantage, namely, that it has never 
been recorded outside its own zone; on the other hand, it is either 
absent or very rare in K,, and is apparently never common in K,,. 
Camarotechia mitcheldeanensis would be a good zonal index in 
the Mendips; it is very abundant in K,, abundant in K,, and 
common at Horizon 6, while apparently never common at any 
higher level. However, with the above comment, it is perhaps 
better for the present to retain Cleistopora as an index-fossil in 
the Mendip area, in view of the almost-complete identity of the 
zonal assemblage in the Mendip and Bristol areas; for, in the 
Bristol area, Cleistopora is often abundant in K,, while Camaro- 
tachia mitcheldeanensis persists abundantly throughout the Lower 
ZLaphrentis-Zone.* 
The characters of the bassus- and octoplicata-subzones in the 
Mendips are essentially those of the same subzones in the Bristol 
area, but the following minor points of difference are noticeable :— 
(1) The earlier entrance of Spirifer aff. clathratus, Reticularia cf. reticulata, 
and Rhipidomella aff. Michelini in the Mendip sequence; and the 
greater abundance of Spirifer aff. clathratus throughout this zone in the 
Mendips. 

(2) The comparative scarcity of Leptena analoga throughout this zone in the 
Mendip area. 


(8) The occurrence of Athyris (Actinoconchus) ef. lamellosa in the octoplicata- 
subzone of the Mendips. 


The Zapxrewris-Zone. 


An important feature of the sequence in the Mendips, when 
compared with that in the Bristol area, is the great expansion in 
thickness of this zone. The total thickness of the Zaphrentis-Zone, 
estimated in the Burrington section, is about 800 feet, while that 
of the same zone in the Avon section is rather less than 400 feet. 


* So far as I am aware, no specimen of Modiola has yet been determined 
from the Mendip area. 

* Since the lamellibranchs in these lowest beds of the Mendip sequence are, 
as yet, very imperfectly known, I retain the term ‘ Modiola-phase,’ so as to 
secure uniformity with the zonal scheme in the Bristol area. 

* In the Mitcheldean district (Gloucestershire), Camarotechia mitcheldeanensis 
persists abundantly up to Horizon y. 
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Corresponding to the clathratus- and resupinata-subzones of the 
Bristol area, we have the clathratus- and cornucopice-subzones of the 
Mendip sequence. The reason for adopting Zaphrentis aff. cornucopie 
as a subzonal index in the Mendips, in preference to Schizophoria 
aff. vesupinata, is as follows:—Schizophoria aff. resupinata occurs 
somewhat sparingly below Horizon y, and attains its maximum 
immediately above that horizon, that is, in the base of Syringothyris- 
Zone: whereas Zaphrentis aff. cornucopie is very common throughout 
the upper half of the Zaphrentis-Zone, and attains its greatest 
abundance below Horizon y; in fact, the extent of the upper 
subzone is well defined by the range of the latter fossil, in its 
typical form. 

The differences between the Mendip and Bristol areas, in the range 
and relative abundance of various fossils throughout this zone, can 
be studied by comparing my range-diagrams (Pls. XXXIV & XXXV) 
with those of Dr. A. Vaughan. The important points of difference 
may be summarized by stating that, in the Mendip area, there 
is a relative acceleration of the coral-fauna on the 
brachiopod-fauna, in this part of the sequence. This 
relative acceleration is exemplified in the following notes. 


In the Bristol area :— 


Michelinia is rare in Z,. 

The maximum of Syringothyris aff. cuspidata, mut. C lies in Z,, that is, 
below the maximum of Caninia. 

Schizophora aff. resupinata is most abundant at the base of Z,, that is, 
below the maxima of Caninia and Zaphrentis. 

Spirifer aff. clathratus and var. are uncommon at Horizon y, which 
level contains the maxima of Caninia and Zaphrentis. 


In the Mendip area :— 


Michelinia is abundant in the lower part of Z,. 

The maximum of Syringothyris aff. cuspidata, mut. C occurs in the 
Syringothyris-Zone, that is, above the maximum of Caninia. 

Schizophoria aff. resupinata attains its maximum abundance immediately 
above Horizon y, that is, above the maxima of Caninia and Zaphrentis. 

Spirifer aff. clathratus and var. are still abundant at Horizon y; this 
level contains the maximum of Ceninia, but the maximum of Zaphrentis 
lies somewhat lower. 


The very strong definition of Horizon y, by the great abundance 
of Caninia cylindrica, is a noticeable feature of the Mendip sequence, 
(Compare the Clevedon district’ and the Backwell-Wrington mass? 
in the Bristol area.) 


The Syrerrveoruyris-Zone. 


The most important difference between the Mendip 
and Bristol areas lies inthe development of this part of 
the sequence. 


1 Quart. Journ. Geol. Soc. vol. Lxi (1905) pls. xxviii & xxix (facing pp. 244 & 
246). 
2 Ibid. p. 228. 3 Ibid. p. 240. 
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In the Bristol area, shallow-water conditions prevailed during 
the greater part of Syringothyris-time, as evidenced by the extensive 
development of pure oolite, shales, and dolomites in the Syringothyris- 
Zone. The consequent interruption of the faunal progression in this 
part of the Avonian sequence forms a prominent feature in the 
Bristol development. Additional evidence of physiographical dis- 
turbance is afforded by the occurrence of contemporaneous igneous 
rocks at the base of the zone (Horizon y) at several localities in the 
Bristol area. 

The Mendip area, on the other hand, remained comparatively 
free from disturbance,! and shows little or no interruption of the 
faunal sequence. The Syringothyris-Zone, which is considerably 
thicker than the equivalent part of the Bristol sequence, consists 
entirely * of fossiliferous limestone, and possesses a well-characterized 
faunal assemblage, in which the decline of the Clevedonian fauna, 
and the genesis of the Kidwellian, is well displayed. The lowest 
portion of the zone is slightly dolomitized. 

The ‘ Bellerophon-Beds,’ in the Syringothyris-Zone of Failand * 
and Tickenham,* in the Bristol area, exhibit the paleontological 
characters of the Upper Syringothyris-Zone of the Mendip area, 
and indicate a temporary establishment of the Mendip facies in that 
part of the Bristol area. 

The Weston-super-Mare district,’ which lies between the Bristol 
and Mendip areas, exhibits an intermediate type of development in 
the Syringothyris-Zone. The lowest part of the zone is appreciably 
dolomitized, and is succeeded by a thick band of pure oolite, but 
the upper and main part of the zone exhibits a continuously- 
fossiliferous sequence, similar to that of the Mendip area. 

Since this zone, in the Mendip area, contains an abundant coral- 
and brachiopod-fauna which is but feebly represented in the 
equivalent part of the Bristol sequence, a detailed comparison of 
paleontological features would be superfluous. The following 
points, however, are worthy of special notice :— 


(1) Syringothyris aff. laminosa is an important fossil in the daminosa-subzone 
of the Bristol area (= Lower Syringothyris-Zone of the Mendips), but 
is never common in this zone in the Mendip area, where it attains its 
maximum in the Upper Zaphrentis-Zone. 

(2) Syringothyris aff. cuspidata, mut. C attains its maximum in this zone in 


the Mendip area, but in the uppermost part of the Zaphrentis-Zone 
in the Bristol area. 


1 Tgneous rocks associated with the Carboniferous Limestone have been found 
at one locality only in the Mendip area, namely at Uphill, in the western- 
most part of the area. The igneous rock is there associated with Upper 
Zaphrentis-beds, probably very near Horizon y, but there is no direct evidence 
to establish its contemporaneity. See C. Lloyd Morgan & S. H. Reynolds, 
Quart. Journ. Geol. Soe. vol. 1x (1904) pp. 146, 150. 

* An occasional, very local development of unfossiliferous oolites is found 
as, for example, at Hutton. : 

° A. Vaughan, Quart. Journ. Geol. Soe. vol. Ixi (1905) pezivs 

4 A. Vaughan, ibid. p. 231. 

5 See T. I. Sibly, cdid. pp. 548-61. 
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(3) Athyris ef. expansa, which is an important fossil in this zone in the 
Mendips, is not known in the Bristol area. 

(4) Caninia cylindrica attains its second maximum in the upper part of 
this zone in the Mendips, but in the Lower Seminula-Zone in the 
Bristol area. This is another example (see above, p. 395) 
of the relative acceleration of certain coral-groups on the 
brachiopod-progression in the Mendips as compared with 
the Bristol area. 


The Szurnvr4-Zone. 


The differentiation of this zone into a lower subzone (S,) in 
which the Seninula-fauna contains certain survivors of the 
Syringothyris-fauna, and an upper subzone (S,) possessing a limited 
but essentially-Kidwellian fauna, is a well-marked feature in the 
Mendips, as in the Bristol area. The only noticeable dif- 
ferences between the two areas are to be found in the 
characters of S,; and part of the difference between the 
Mendip and Bristol development of 8, is undoubtedly 
duetothe fact, that the lowest portion of this subzone 
consists of fossiliferous limestones in the Mendips, and 
of relatively-unproductive shales and dolomites in the 
Bristolarea. The most important points of difference are the 
following :— 

(1) In the Bristol area, Seminula becomes abundant before giganteid 
Producti are common, andis very prolificin 8,. In the Mendips, on the 
other hand, giganteid Producti are abundant throughout S,, whereas 
Seminula only becomes abundant in the upper part of that subzone. 

(2) Athyris cf. expansa and A. cf. glabristria, mut. 8,, two fossils which are 
important in 8, of the Mendip sequence, are not met with in the Bristol 
area. 

(3) The base of S, in the Mendips contains, locally, a rich faunal assemblage,' 
which is especially characterized by the abundance of Carcinophylium 
mendipense, Camarophoria isorhyncha, Spirifer cf. furcatus, and Athyris 
ef. glabristria, mut. §,. No similar development is known in the 
Bristol area. 

(4) Caninia cylindrica attains its second maximum in §, in the Bristol area. 
In the Mendip area, Caninia cylindrica attains its second maximum in 
the Upper Syringothyris-Zone, and is not common in §,. 


The Dreunorxyrttuu-Zone. 


The development of shales in this part of the Mendip sequence 
is small, when compared with that in the Dibunophyllum-Zone of 
the Bristol area, © 


The 6¢ and Lonsdalia-subzones. 


The faunal characters of these subzones in the Mendip area are 
more nearly identical with those of the same subzones in the Bristol 


1 Tt would seem that this fauna had a very local distribution. For example, 
the base of the Seminula-Zone is exposed in both the Cheddar and Burrington 
sections; but, whereas the former section shows a fine development of this 
fauna, I have failed to discover any trace of a similar horizon at Burrington. 
The Milton-Road Quarries, in the Weston-super-Mare district, show a develop- 
ment precisely similar to that which is noted at Cheddar. 


oo 
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area, than is the case with any other part of the sequence. Con- 
sequently, very few points call for special mention. 


(a) The common occurrence of Athyris cf. ewpansa in the 09- 
subzone of the Mendip sequence constitutes a noticeable 
difference. 

(6) Distinctive features of the Lonsdalia-subzone, in the Mendip 
area, as compared with the Bristol area, are :— 


(1) The great abundance of a well-defined member of the group of 
giganteid Producti, namely, Productus @. 

(2) The great abundance of Productus concinnus, mut. D, in the upper- 
wost beds. 


The Lonsdalia-subzone in the Mendips has not yielded so prolific 
a coral-fauna as that found in D, of the Bristol area, but this is, 
doubtless, due to the small number and limited extent of the 
exposures. 


Horizon e.' 


So far as I am aware, this horizon is not exposed in the Mendip 
area. Consequently, we are for the present ignorant of an 
important matter, namely, the exact position which this horizon 
occupies with regard to the base of the ‘ Millstone Grit’ in the 
Mendip sequence. 


Note on the Separation of the Syringothyris-Zone and the 
Seminula-Zone in the Mendip Area. 


In the sequence typical of the Bristol area, the paleontological 
break in the middle of the Avonian renders the separation of the 
Syringothyris- and Seninula-Zones an easy matter, for the upper- 
most part of C consists of unproductive shales and dolomites, and, 
when fossiliferous beds are again met with, they are found to contain 
a typical Semznula-fauna. In the Mendip area, however, where 
the upper part of C and the lower part of S form a continuously- 
fossiliferous sequence, and the change from a typical Syringothyris- 
fauna to a typical Seminula-fauna is gradual, the separation of the 
two zones requires special definition. 

There is no well-defined horizon of faunal overlap between C and S 
in the Mendip sequence. Giganteid Producti, including Productus 
aff. Cora, mut. C and Pr. 6, occur commonly throughout the upper 
part of C, and Seminula aff. ficoides enters sparingly in the upper- 
most beds. These facts do not, however, justify a separation of the 
uppermost part of C (which contains Syringothyris aff. cuspidata, 
mut. C, but no Lethestrotion Martint),’ as a detinite horizon of overlap. 
Again, the subzone S, contains a predominant Seminula-fauna 
associated with certain survivors of the Syringothyris-fauna, but 


* See A. Vaughan, Quart. Journ. Geol. Soe. vol. 1xi (1905) p. 262. 


* Lithostrotion cf. irregulare occurs in the uppermost beds of C, but has not 
been found in §,. 
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never contains Syringothyris aff. cuspidata, and would constitute a 
very broad and ill-defined ‘ horizon’ of faunal overlap. 

In the absence of any satisfactory horizon of overlap, it becomes 
necessary to fix some arbitrary but satisfactory line of separation. 
Seminula ficoides is not common in the lowest part of S, and is, 
therefore, of little value for determining the base of that zone. But 
Lnthostrotion Martini, as a dominant form, is characteristic of the 
whole Seminula-Zone, while it has never been found in association 
with Syringothyris aff. cuspidata. The base of the Seminula- 
Zone is, therefore, best defined by the horizon of first 
occurrence of Lithostrotion Martini. 

It may be mentioned again here, that the base of the Seminula- 
Zone (as defined by the first occurrence of Lithostrotion Martint) is 
sometimes marked, in the Mendip area, by the great abundance of 
that fossil, which is associated with a highly-characteristic fauna. 
The characteristic members of this fauna are Carcinophyllum men- 
dipense, Camarophoria isorhyncha, Sptrifer cf. furcatus, and Athyris 
ef. glabristria, mut. S,. Unfortunately, this faunal assemblage is, 
apparently, localized in its distribution.* 


Note on the Distinctness of the Clevedonian and 
Kidwellian Kaunas in the Mendip Sequence. 
The following genera of corals are confined to the Cleve- 
donian :— 
Cleistopora, Michelinia, Zaphrentis, Amplexus.* 
The following brachiopod-groups are confined to the Cleve- 
donian :— 


Athyris cf, lamellosa. Leptena analoga. 
Reticularia ct. reticulata. Schizophorta att. resupinata. 
Spirifer aff. clathratus. Productus bassus. 
Spiriferina ct. octoplicata. Productus cf. Martini. 
Syringothyris aff. cuspidata. Chonetes ‘ Buchiana, 
Syringothyris aft. laminosa. Chonetes cf. crassistria. 
Humetria aff. carbonaria. Chonetes cf. hardrensts. 


Camarotechia mitcheldeanensis. 


The following coral-groups are confined to the Kidwellian :— 


Alveolites septosa. The great group of the Clisio- 
Lithostrotion.* phyllids* (including Lonsdalia). 
Cyathophyllum Murchisoni (type). 


The following brachiopod-groups are confined to the Kid- 
wellian :— 
Productus scabriculus. |  Athyris cf. planosulcata. 


The great group of the giganteid Producti is essentially charac- 


l See footnote, p. 357. 

2 Possibly ranges into the base of the Kidwellian. 
3 Occurs very rarely in the base of the Kidwellian. 
* Very few early forms occur in C, 
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teristic of the Kidwellian ; but early forms of Productus aff. Cora 
occur very rarely in Z, and commonly in C. 


The following coral-groups pass up from the Clevedonian into 
the Kidwellian :— 


Syringopora. ‘The sole essentially-Clevedonian form is Syringopora @. S.cf. 
reticulata characterizes the uppermost Clevedonian, but persists into the base 
of the Kidwellian. The types represented by S. ef. distans, S. ef. geniculata, 
and S. cf. ramulosa are essentially Kidwellian, although S. cf. distans occurs 
rarely in C. . ; 

Caninia cylindrica is essentially an Upper Clevedonian form, which persists 
into the base of the Kidwellian. 

Cyathophyllum characterizes the uppermost part of the Clevedonian and the 
base of the Kidwellian. : 

Campophyllum occurs commonly in the uppermost part of the Clevedonian 
and the Upper Kidwellian, 


The following brachiopod-groups pass up from the Clevedonian 
into the Kidwellian :— 


Productus cf. semireticulatus. 

Athyris cf. glabristria. This group ranges throughout the greater part of the 
Clevedonian, and persists into the Lower Kidwellian. 

Athyris ef. expansa constitutes a distinct link between the uppermost 
Clevedonian and the Kidwellian. 

Orthothetes aff. crenistria is a very important link; but, whereas it is 
enormously abundant throughout the Clevedonian, it is rare above the lowest 
part of the Kidwellian. 

Rhipidomella aff. Michelini is very abundant throughout the main part of the 
Clevedonian, and persists into the base of the Kidwellian. 

Chonetes cf. papilionacea constitutes an important link between the Upper 
Clevedonian and the Lower Kidwellian. 

Seminula is an essentially-Kidwellian genus; but S. ambigua is common 
in the upper part of O, and S. aff. ficotdes occurs rarely in the uppermost beds 
of the Clevedonian, 


VI. Summary. 


(1) The faunal sequence in the Avonian (Carboniferous Lime- 
stone) of the Mendip area is essentially similar to that in the 
Bristol area. 

(2) The separation of a lower division, the Clevedonian, from an 
upper division, the Kidwellian, with the line of separation drawn 
at the top of the Syringothyris-Zone, is well-defined, and fully 
justified by the distinctness of the lower and upper faunas. 

(3) The most important features of the Mendip sequence, when 
compared with the sequence in the Bristol area, are as follows :— 


(a) The great expansion in thickness of the Zuphrentis- and 
Syringothyris-Zones. 

(6) A relative acceleration of the coral-fauna on the brachiopod- 
fauna, exhibited in the Zaphrentis-Zone. 

(c) The continuously-fossiliferous sequence which extends from 
the top of the Zaphrentis-Zone to the base of the Seminula- 
Zone ; this sequence exhibits an abundant and characteristic 
coral- and brachiopod-fauna, aud is well-defined as the 
Syringothyris-Zone. 
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VII. Norrs on tHe Grorocy or ton Eppor-Rocxs 
Districr, NEAR WELLS. 


From the mouth of Ebbor Rocks, a picturesque little valley runs, 
in a north-westerly direction, up into the hills. The geological 
features of the immediate neighbourhood of this valley have received 
considerable attention. 

According to the Geological Survey-memoir,' there is a puzzling 
fault-complex in this locality, which may be briefly described as 
follows. Millstone Grit occurs at the head of the valley, succeeding 
conformably the Carboniferous Limestone on the north; with the 
former are associated carbonaceous shales. In the valley itself 


Fig. 1. 
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occur Old Red Sandstone and ‘ Lower Limestone Shales,’ which are 
succeeded conformably by the Carboniferous Limestone on the north, 
but are faulted against Carboniferous Limestone on the south, and 
against Millstone Grit on the west. 

1 « The Geology of Hast Somerset & the Bristol Coaltields’ 1876, pp.16, 18, 30; 


see also a paper by H. W. Bristow & H, B. Woodward, in Geol. Mag. vol. viii 
(1871) p. 500. 
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In ‘1889, however, Prof. C. Lloyd Morgan, who made a careful 
examination of the ground, came to the conclusion! that the in- 
sertion, on the Geological Survey-map, of Old Red Sandstone and 
‘Lower Limestone Shales’ was incorrect, and that Millstone Grit, 
with associated carbonaceous shales, extends right down the 
valley. 

Th ite hope of throwing some further light on the geology of this 
interesting locality, I have devoted a considerable amount of time 
to a very careful examination of the ground ; and the result of my 
investigation has been to confirm the conclusions arrived at by 
Prof, Lloyd Morgan. During the course of my work, however, several 
important stratigraphical features have become apparent, and these, 
J think, warrant some further description of the neighbourhood. 

The description falls naturally into three parts. 


(i) The Millstone Grit and associated shales, etc. 


The lowest beds of the Millstone-Grit Series are now very well 
exposed in a quarry, recently opened, at the head of the valley (see 
map, fig. 1, p. 361). This quarry lies on the south side of a wall, 
in the course of a footpath which affords a short cut from the 
Priddy-to-Easton track to the track leading down to Ebbor Farm. 
The lowest beds seen in the quarry are pinkish-white quartzites 
with red ferruginous specks ; these beds reappear on the north side 
of the wall, and there lie only 20 yards from the nearest limestone- 
exposure. Grey and red shales become interbedded with the upper 
beds of the grit, and predominate in the upper part of the quarry. 
The general dip of 60° to 65° southward, and the strike of about 
north 40° west, indicate conformity with the underlying limestones, 
although in the upper part of the quarry the beds are somewhat 
disturbed. I have found no fossils in these beds; but Mr. H. E. 
Balch possesses a large piece of Sigillaria, obtained from the grit, 
and he informs me that such specimens are occasionally found by 
the quarrymen. : 

About 100 yards south of the quarry, well-bedded greyish sand- 
stones, dipping southward at 80° and striking north 42° west, are 
exposed in a small working. 

In a cattle-pond lying about 180 yards west 20° south of the 
quarry, grey and reddish shales are exposed. Only 25 yards south 
of this pond, hard grey limestones, much veined with calcite, are 
seen in situ. The greatest width of the outcrop of the grit-shale 
series probably never exceeds 200 yards. 

An old pit, mentioned in the Geological Survey-memoir,? lies about 
100 yards west of the quarry. Prof. Lloyd Morgan found fragments 
of coal in the spoil-heap of this pit; and Mr. Balch informs me 
that a coal-seam, about 1 foot thick, was proved. 

North-west of the quarry, the hard quartzites are again exposed 
south of the ruined farm-buildings. They dip southward at about 


1 Proc. Bristol Nat. Soc. n. s, vol. vi (1890-91) p. 173. 
* «The Geology of East Somerset & the Bristol Coalfields’ 1876, p. 30. 


Vol. 62.] LIMESTONE OF THE MENDIP AREA, 363 


45°, and strike west 28° north. They lie 60 or 70 yards south- 
west of limestones, which have precisely the same dip. Beyond 
this point, the north-westward extension of the grit is concealed by 
the Dolomitic Conglomerate. 

Down the valley, almost due south of the quarry, lies a second 
old pit, worked in 1871. According to the Survey-memoir, this pit 
was sunk through ‘ Lower Limestone Shales’; but, as Prof. Lloyd 
Morgan stated, the shales in the spoil-heap yield no fossils, and 
have the lithological character of Coal-Measure shales. 

Still farther down the valley, on the north-eastern slopes, are 
several exposures of precisely-similar shales, and other exposures 
of hard, sandy shales; the southernmost of these exposures lies 
quite 200 yards beyond the water-tank. Wherever the dip can be 
made out, these shales are seen to dip southward. Grit is exposed, 
in situ, on the slopes almost directly north of the tank, and loose 
blocks can be found dispersedly all down the north-eastern slope of 
the valley. 

On the south-western slope of the valley, in Hope Wood, the 
shales are exposed at various points, to within a very short distance 
of the limestone-bluff on the southern edge of the wood. 


(i) The Carboniferous Limestone north and east 
of the Valley. 


(a) The Upper Disunoruyritum-Zone. 


Wherever the limestone immediately north of the Millstone Grit 
is exposed, and fossils can be found, the paleontological characters 
clearly indicate D,; and, although the actual junction of the lime- 
stone and the grit is nowhere exposed, there is never any suggestion 
of unconformity. 

The best exposure is that north of the quarry. Here, the highest 
limestones seen, which lie 20 yards (measured along the direction 
of dip) from the lowest exposure of grit, contain much lenticular 
chert, but have yielded no fossils. Fitty yards from the grit, how- 
ever, the limestone still has the same dip, and certain beds are 
highly fossiliferous. Productus @ and Pr. punctato-fimbriatus are 
very abundant, and Pr. sp. (convergent with Pr. margaritaceus) is 
not uncommon ; these fossiliferous beds lie about 130 feet vertically 
below the lowest grit of the quarry. 

North-westward, near the ruined farm-buildings, the limestone 
60 or 70 yards from the grit (the dip here is less than at the first; 
exposure) contains abundant Productus ¢. 

South-eastward are several small exposures of limestone, on the 
north-eastern slope of the valley, all of which must lie very 
near the Millstone Grit. In most cases the dip of the beds is 
obscure; but, in all instances where it can be made out, it is seen to 
be southward. Fossils are scarce, though I have obtained Cyatho- 
phyllumsp., Lithostrotion Martini, mut., Athyris cf. ec«pansa, Chonetes 
aff. comoides, and Productus sp. convergent with Pr. margaritaceus. 


364 MR. . F. SIBLY ON THE CARBONIFEROUS [May 1906, 


In the easternmost exposures, however, which lie near the margin of 
Ebbor Wood, almost due north of the water-tank, certain beds are 
highly fossiliferous, and have yielded the following fossils:—-Pro- 
ductus concinnus, mut. D, and costatus-like variants (very abundant), 
Pr, heraisphericus, mut., Pr. o, Pr. punctato-fimbriatus, Chonetes 
aff. comoides, Spirifer cf. bisulcatus and Rhipidomella sp. According 
to the Geological Survey-memoir,' the beds in these last exposures 
must immediately overlie the ‘Lower Limestone Shales’ and dip 
northward ; whereas they represent a high level in D,, and are, in 
all probability, succeeded conformably by the Millstone Grit on the 
south, although it is impossible to determine their dip with certainty. 

Farther eastward, the limestone bordering the Millstone Grit is 
concealed by Ebbor Wood, and the Dolomitic Conglomerate soon 
cuts off the outcrop of the Carboniferous rocks. 


(6) The Sewrmnuta-Zone. 


There is not sufficient evidence to determine accurately the 
relation of the Seminula-beds, which are exposed in Ebbor Rocks 
and elsewhere north of the valley, to the beds of the Upper 
Dibunophyllum-Zone. The former rocks are considerably disturbed; 
in all the most southerly exposures they have a northerly dip, and 
farther north they dip southward. If the beds turn completely 
over in a short distance, there may possibly be a sequence north of 
the quarry ; there is not room, however, for a sequence, from the top 
of S, to the base of the Millstone Grit (about 900 feet), between the 
mouth of Ebbor Rocks, or the exposures on the hill north-west of 
that point, and the edge of the Millstone-Grit outcrop. The most 
probable explanation is a fault; but there is not evidence enough to 
trace the course or the limits of this fault with accuracy, and the 
matter must, therefore, be left open. 

The exposures of the Semznula-beds are as follows :— 

In Ebbor Rocks, the upper part of S, is displayed. The faunal 
assemblage, comprising Lithostrotion Martini (abundant), Syringo- 
pora cf. reticulata, Productus @ (abundant), Pr. aff. Cora, Pr. ef. 
semireticulatus, mut. S,, Seminula ficordes, Athyris cf. expansa, 
A, cf. planosulcata, and Chonetes cf. papilonacea, leaves no doubt 
as to the horizon. In the lower part of the gorge, the prevalent 
dip is a low easterly one; in the upper part, separated from the 
lower by a wooded gap, the dip is about 25°, and varies from south 
to south-west. Here, then, is apparently a synclinal fold of some 
kind in the Seminula-beds. 

High up on the north-eastern side of the valley, immediately 
north-west of the mouth of the gorge, Seminula-beds are exposed in 
a low cliff, and at several points in the fields; the precise horizon 
is uncertain. Here the beds have a low northerly dip. These 
exposures lie only about 150 yards from the nearest exposure of D.. 

Much farther north-westward, the exposures are scanty, but they 
afford further evidence of disturbance. Beside the footpath, about 


* See the illustrative section, op, cit. fig. 2, p. 19. 
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160 yards above the quarry, is an old limekiln; here, in a small 
disused quarry and adjoining exposures, compact limestones, dipping 
northward, show abundant Seminula ficoides and Productus sp. 
Some 50 yards farther up the path, similar beds, with the same 
fossils, are again seen dipping northward. Limestones of this litho- 
logical character, and containing abundant Seminula ficoides, can 
be assigned to 8, with certainty. North-west of these exposures, 
in two adjoining fields, is a considerable exposure showing hard 
black limestones, dipping north-eastward at 55°. Finally, still 
farther north-westward, are exposures on the site of two adjacent 
disused quarries. Here, as in the uppermost part of Ebbor Rocks, 
the beds dip south-westward; the dip is 45° and the strike west 
33° north. The upper beds are compact black limestones, with 
abundant Seminula ficoides; the lower beds are dark reddish 
limestones, containing Lithostrotion Martini (very abundant), 
Productus 9 (abundant), and Athyris ef. expansa. The horizon of 
this exposure is, therefore, Upper S, and Lower §,. 


(iii) The Carboniferous Limestone south and west 
of the Valley. 


The north-eastern boundary of this mass of limestone marks the 
course of a great thrust-fault, with an upthrow of about 2000 feet, 
which has thrown Zaphrentis-beds and Syringothyris-beds obliquely 
against the shales of the Millstone-Grit Series, and reduced the 
outcrop of that series to a narrow strip, about 200 yards wide, 
running north-west and south-east. 

The Upper. Zaphrentis-beds are well exposed, near the north- 
western extremity of the mass, in the bluff which rises on the 
eastern side of the footpath leading from Lynchcombe Lane 
(Westbury) onto the hilis toward Priddy. The beds here exposed 
are black crinoidal limestones, and contain a typical Z, fauna, 
comprising Zaphrentis aff. cornucopiw (abundant), 7. aff. Phillipsi, 
Caninia cylindrica, Michelinia cf. favosa, Spirifer aff. clathratus 
(common), J?haprdomella aft. Michelini, Orthothetes aff. crenistria, and 
Chonetes cf. hardrensis; they dip north-westward at about 50°, 
their strike being N.37°W. ‘The prevalent dip of the beds 
throughout the mass is, however, southward. Z, is again exposed 
on either side of the Priddy-to-Easton lane, about 200 yards east of 
the bluff; here the dip is about 35°, southward. 

There are several exposures near the south-eastern extremity of 
the mass, notably the limestone-scarp, facing north-eastward, on the 
southern edge of Hope Wood. Very near the south-eastern end, on 
the track leading down to Ebbor Farm, just above the lane, are 
some small limestone-exposures. The beds here contain Zaphrentis 
aff. cornucopie, mut. C, Syringopora ef. distans, Productus aff. 
Oora (2), Spirtfer ef. bisulcatus, and Rhipidomella aff. Michelini. 
These beds, which dip southward, clearly belong to the Syringo- 
thyris-Zone, and are, doubtless, in sequence with the Upper 
Zaphrentis-beds. 

Q.J.G.S. No. 246. 2 
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The course of the fault can be traced with some accuracy, and 
the limestone-exposures bordering the fault are of interest. At 
several points, the limestone has been converted into a fine-grained 
white or pinkish marble. ‘This is especially well seen in a working 
on the south-western slope of the valley, about 300 yards south, a 
few degrees west, of the quarry. At other points near the fault, 
the grey limestones are very compact in texture, and strongly 
veined with calcite. 


To sum up, the geological features of this locality, as I read them, 

are as follows :— 

(1) Millstone Grit, with associated shales and sindstones, extends un- 
interruptedly down the valley, the outcrop forming a narrow strip, 
about two-thirds of a mile long and 150 to 200 yards wide; on the 
north-west and on the south-east, its outcrop is terminated by the 
Dolomitie Conglomerate. 

(2) Upper Dibunophylliem-beds lie conformably under the grit on the north- 
eastern side. 

(3) The Seminula-beds, exposed farther north-eastward, in Ebbor Rocks and 
elsewhere, are considerably disturbed. Theim relation to the Dibiuno- 
phyllum-beds is uncertain, but is probably complicated by faulting. 

(4) A great thrust-fault bas brought up the Carboniferous Limestone on the 
south-west, throwing Zaphrentis-beds and Syringothyris-beds against the 
shales of the Millstone-Grit Series. 


VILL. Norus on cerrarn Corats anp BRacHioPpobs INCLUDED 
tin THE Faunat Lists. 


(i) CORALS. 
Amplexus. 
AMPLEXUS Cf. CORALLOIDES, Sow. 


The specimens included here, which are all obtained from the Upper 
Zaphrentis-Zone, have the following characters :—Form: large and 
eylindrical. Septa short, stout, and practically equal in thickness 
throughout their length, being square-cut at the end. Fossula not 
very strongly developed. 


AMPERXUS sp. 


Specimens which occur eommonly in the Syringothyris-Zone, 
near Whatley, have short, thickened, tapering septa. The fossula 
is well-developed. The form is large and cylindrical. 


Zaphrentis (restricted), Vaughan, Quart. Journ. Geol. Soc. 
vol, 1xi (1905) p. 269. 
ZAPHRENTIS aff. connucorrm, mut. C. 


Compare Zaphrentis aff. cornucopie (Mich.), Edwards & Haime, Vaughan, 
op. cit. p. 271 & pl. xxii, figs. 3-3 d. 


This mutation, which charaeterizes the Syringothyris-Zone in the 
Mendip area, differs from the typical Z, form, deseribed and figured 
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by Dr. A. Vaughan, in the following characters :—(1) Larger, more 
widely-conical form ; (2) more numerous septa (there are forty to 
forty-five primary septa); and (3) longer secondary septa, which 
project inwards well beyond the t hickened wall, 


Caninoid Cyathophylla. (Pl. XXXI, fig. 1.) 
Compare :-—Caninia cylindrica (Scouler), mut. y, Vaughan, Quart. Journ, Geol. 
Soc. vol. xi (1905) p. 273 & pl. xxiii, fig. 1. 
Cyathophyllum ¢, Vaughan, iid. p. 274 & pl. xxiii, figs. 3-3}. 

En the Syringothyris-Zone of the Mendip area’ occur some very 
interesting corals, the characters of which are intermediate between 
those of Canina cylindrica and Cyathophyllum @. Individual speci- 
mens exhrbit considerable variation, and the following descriptive 
notes deal with the general characters. Pl. XXXI, fig. 1 illus- 
trates a specimen in which the Caninoid characters are somewhat 
accentuated. 

Form: large, cylindrical to cylindro-conical. 

The tabulee form broad, flat plates, a majority of which extend 
completely across within the inner wall; they bend downward 
ontside the mner wall. The fossula forms a well-marked, parallel- 
sided, shallow groove. The primary septa run m along the face of 
a tabula, extending almost to the centre. 

Horizontal section.—Primary septa, 65 to 80 in number. 
A minority only of the primary septa extend actually to the outer 
wall; but the peripheral, purely-vesicular area is narrow and 
inconstant, while both the outer wall and the vesicles show numerous 
septal projections. 

The external area, radiated by both series of septa, is narrow. 

The secondary septa project inwards for a short distance from the 
inner wall. 

The septa are never strongly thickened, except in the immediate 
neighbourhood of the inner wall, nor do they show any special 
thickening near the fossula. 

The fossula, occupied by a shortened primary septum, is indicated 
by an inward shift of the tabular intersections. ‘Lhe two primary 
septa bounding the fossula are practically parallel one to the other. 

Interseptal vesicles, representing tabular intersections, are very 
few in the medial area, radiated by the primary septa. 

Resemblances and differences.—The corals of this type 
resemble Caninia cylindrica, mut. y in the nature of the tabula, 
and in the possession of a purely-vesicular peripheral area ; but differ 
from the typical form of that coral in the thinness of the peripheral 
vesicular area, In the more numerous, slightly-thickened septa, and 
in the weaker development of the fossula. 

Cyathophyllum @ closely resembles the forms under deseription 
in the character and the large number of the primary septa, 
and in the nature of the septal. break. It differs, however, in the 


1 Nearly identical forms oecur in the Syringothyris-Zone of the Weston- 


super-Mare district. 
2 no 
( 


als 
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semivesicular nature of its tabula, in the absence of a purely- 
vesicular peripheral area, and, finally, in the greater width, and the 
more closely-vesicular nature, of the external area, radiated by both 
series of septa. 


CaMPOPHYLLIDS. 
Campophyllum, Edwards & Haime. 
See Vaughan, Quart. Journ. Geol. Soc. vol. xi (1905) p. 276. 


CAMPOPHYLLUM CANINOTDES, sp. nov. (Pl. XXXI, figs. 2a & 2b.) 

Form: cylindrical to cylindro-conical. | Epitheca strongly 
rugose. 

Horizontal section.—Outer wall strong, with its septal 
projections equal to the total number of septa. Outer and inner 
walls in contact at certain points, but otherwise separated by a 
vesicular area. 

Vesicular area very variable in thickness, consisting of one or , 
two, rarely three or more, rows of large vesicles; never continuously 
radiated by the septa, but frequently showing septal projections. 

The primary septa, 45 to 55 in number, are thin, short, and all 
approximately equal in length; they stop short of the centre, 
leaving a wide, purely-tabulate area. 

Secondary septa generally developed, forming very short pro- 
jections from the inner wall. 

The fossula is indicated by a slight inward shift of the tabular 
intersections at one point of the ring, and is marked by one or more 
shortened primary septa. 

Vertical section.—Tabule well-spaced, continuous from side 
to side; flat throughout the central part, and bending sharply 
downward within the septal zone. Outermost zone narrow and 
variable, formed of one or two vertical rows of ascending vesicles. 

Remarks.—This species occurs very abundantly in the Upper 
Syringothyris-Zone, in certain parts of the Mendip area. 

The uniformly-developed, short septa, the very slight fossular 
depression, and the strong outer wall, characterize the form under 
description asa Campophyllum. In the irregular development of 
the peripheral vesicular zone, however, this form shows a resemblance 
to Canuua cylindrica, mut. y; hence the specific denomination. 

Resemblances and differences.—Campophyllum Murchisoni, 
Edwards & Haime, as represented in ‘ Monogr. Brit. Foss. Corals’ 
(Paleont. Soc.) pt. 111 (1852) p. 184 & pl. xxxvi, fig. 3, differs con- 
siderably from our form, in the following characters :—much larger 
size, more numerous septa, the absence of a septal break,! and the 


' These authors state that specimens of Campophyllum Murchisoni are in 
the Bristol Museum. ‘Through the kindness of Mr. H. Bolton, F.R.S.E., the 
Curator of that Museum, I have had the opportunity of examining a specimen, 
which agrees almost exactly with pl. xxxvi, fig. 3, of their monograph, but 


Lag a septal break precisely similar to that shown by Campophayllum 
caninoides. : 
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reticulate structure of the peripheral area, which is discontinuously 
radiated by the septa. 

Campophyllum aft, Murchisoni, Edwards & Haime, Vaughan, Proc. 
Bristol Nat. Soc. n.s. vol. x (1903) p. 116 & pl. i, fig. 5, differs 
from our species only in the feebler definition of the septal break 
and the wide, uniformly-thick zone of vesicles. This form, however, 
was obtained * from the Dibunophyllwm-Zone (Avon section). 


A CampopHytnip. (Pl. XXXI, fig. 3.) 


Horizontal section.—Outer wall strong. The wide peripheral 
area, consisting of several rows of large, compressed vesicles, is not 
radiated by the septa, and shows no septal projections; it passes 
imperceptibly into the narrow, variable external area, waich is 
radiated by the septa and crowded with interseptal vesicles. The 
inner boundary of the external area forms a somewhat feebly-defined 
inner wall. 

The septa, 60 in number, are flexuous, thin, and all approximately 
equal in length; they stop short of the centre, leaving a central 
area which is occupied only by a few curved tabular intersections. 
The septa are festooned with tabular intersections in the medial 
area, 

Intermediate septa practically absent ; represented only by very 
few, minute projections from the inner wall. 

A well-marked septal break, formed by the shortening of one or 
more septa, gives an appearance of bilateral symmetry to the 
section. A fossula is indicated at this point, by the inward shift 
of the tabular intersections, which form a series of arches. 

Vertical section.—The tabule are broad plates, practically 
flat in the centre, and bending downward within the septal zone. 
A majority of them stretch completely across, but some are not so 
continuous, and form very broad, flattened vesicles. 

The outermost zone consists of several vertical rows of ascending 
vesicles. 

Remarks.—The affinities of this coral, which occurs in the 
Upper Dibunophyllwm-Zone of the Mendip area, are somewhat 
obscure, though its nearest allies are, certainly, the Campophylla. 
The form is, I think, of sufficient importance to be described and 
figured; but the discussion of its affinities is best deferred, until the 
collection of more material has thrown further light on the subject. 


CLisrtoPHYLLIDS. 


Carcinophyllum. 
CARCINOPHYLLUM MENDIPENSE, sp. nov. (Pl. XXXI, fig. 4.) 


Form: conical. 

Horizontal section.—Central area circular and strongly- 
bounded. Mesial plate, when present, short and thick. The 
structure of the central area is essentially radial, the number of the 


1 Fide the late W. W. Stoddart. 
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radial lamelle being equal to, or greater than, that of the primary 
septa. The lamelle are joined by a few concentric tabular 
intersections, 

The primary septa, generally 30 to 32 in number, are stout and 
well-spaced ; they do not extend to the outer wall. 

The secondary septa are short and thick, with club-shaped outer 
ends; they project inwards from the thick inner wall. This inner 
wall, which constitutes a prominent feature, is formed partly by 
the thickening of both series of septa, and also, in a considerable 
degree, by the deposit of secondary matter. 

A septal break, though not always distinguishable, is often marked 
by the stronger development of one of the secondary septa. 

The peripheral area, which is rarely preserved, is narrow and 
variable, and is composed of large, compressed vesicles. It 1s not 
radiated by the septa. 

The strong outer wall shows regular septal projections. 

Discussion.—tThe genus Carcinoephyllum, as defined by James 
Thomson, Proc. Phil. Soc. Glasgow, vol. xiv (1883) p. 455, possesses 
all the essential characters of the form under description, differing 
only in the more irregular structure of the central area. The 
character of the central area, however, varies so much in different; 
sections of our species, that this point of difference is one of little 
importance. 

Resemblances and differences.—Carcinophyllum mende- 
pense, which characterizes the Lower Seminula-Zone in the Mendip 
area,' resembles Carcinophyllum 0,” which characterizes the Lower 
Dibunophyllum-Zone, in all essential structural characters, and 
the two forms are, undoubtedly, members of the same gens. 
The important points of difference are:—(1) The much greater de- 
velopment, in Carcinophyllum @, of the peripheral vesicular zone. 
(2) The strong development, in C. mendipense, of the thick, ring-like 
inner wall. These differences of structure have an evolutionary 
significance ; both the strong development of the vesicular zone, and 
the type of septation, seen in Curcinophyllum 6, indicate an approach 
to the structural form typified by Lonsdala. 


Cyathophylloid Clisiophyllids. 
(Pl. XXXTI, figs. 5a & 52.) 


Small, cylindrical or cylindro-conical corals, which exhibit a 
simple type of Clisiophylloid structure, in common with certain well- 
marked Cyathophylloid characters, occur commonly in the Lower 
Semenula-Zone of the Eastern Mendips.* 


And in the Weston-super-Mare district also. The figured specimen was 
obtained from this district. ; 
* 2 nA ea Quart. Journ. Geol. Soe. vol. Ixi (1905) p. 285 & pl. xxiv, 
i g8. o- 5 

° The earliest Clisiophyllids appear in the Syringothyris-Zone. Their 


characters are described by Dr, A, Vaughan, Quart. Journ. Geol. Soe. vol. Ixi 
(1905) p. 286. 
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These Clisiophyllids show considerable variation. Pl. XXXI, 
fig. 5 6, illustrates a specimen in which the Cyathophylleid characters 
are strongly-marked, while fig. 5 a of the same plate illustrates a type 
with a more markedly Clisiophylleid structure. 

Affinities.—The Clisiophylloid character is exhibited in:— 

A simple Olisiophylloid structure in the central area. Ina horizontal section, 
the central area is small and compressed ; the mesial plate is well-developed, 
and the concentric tabular intersections are strong and closely packed, but the 
radial lamella are few and discontinuous, ‘hese characters indicate a central 
vaulting up of the tabule, into tall, laterally-compressed cones, which ave 
feebly radiated by lamella, but conspicuously crested. 


The Cyathophylloid character is shown by :— 


The nature of the septa. The primary septa are numerous and flexuous ; 
they run inward almost, if net quite, to the central area, and outward to the 
tbin outer wall. The secondary septa are generally well-developed. 

The crowded interseptal vesicles in the medial area, which is radiated by the 
primary septa only. 

Clisiophyllum. 
CutstorHYLLuM aff. corkennensz, Vaughan. 

A form, similar to that which is being described and figured! by 
Dr. A. Vaughan, oecurs in the Lower Dibunephyllum-Zone of the 
Mendip area. 


Cyclophyllum. 
CycLoPHYLLUM PAacuHYENDorHEcUM, Thoms., mut. 
Compare James Thomsen, Prec. Phil. Soc. Glasgow, vel. xiv (1883) p. 493 
& pl. xiv, fig. 1. 
It will be better to await more material, before attempting to 
describe the detailed characters of our form, which occurs commonly 
in the Upper Dibunophyllum-Zone of the Mendip area. 


(i) BRACHIOPODS. 


Productus. 
Propvucrus concinno-MaRrTInt. 


Compare Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ (Paleeont. Soc.) vel. ti 
(1858-63) pl. xliii, fig. 10. (Preductus semireticulatus, var. concinnus.) 

In this form, which occurs commonly in the Syringethyris-Zone 
of the Mendip area, the convex valve forms a depressed vault over 
the flat portion of the concave valve. A section of the valve, taken 
through the hinge-line, is quadrate, not transverse. 

As suggested* by Dr. A. Vaughan, this form may probably be 
traced back to Productus cf. Martini. Further material and muck 
careful investigation will be necessary, however, before the true 
relationships of this and other allied forms * can be settled with 
definiteness. 

* In the present number of the Quarterly Journal, p, 320 & pl. xxx, figs.2 & 2a. 

2 Quart. Journ. Geol. Soc. vol. lxi (1905) p. 289. 


* For example, the strongly-spinose mutation (Productus cf. semireticulatus, 
mut, S,) which abounds in the Lewer Seméniula-Zone. 
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Propucrus concinnus (Sow.), mut. D,. (Pl. XXXII, figs. 3a & 36.) 


Convex valve.—The rostral portion of the valve forms a more 
or less rectangular, flattened, transverse area. The medial area is 
flattened and broadly-sulcate. 

The sides are steep, but not square-cut, the shell spreading out 
in a skirt-like extension. The ribs are fine on the rostral portion 
of the valve, becoming broader on the ‘skirt.’ Semireticulation is 
strongly marked on the wings, but somewhat indistinct over the 
medial area. Spines are few and scattered on the main part of 
the valve, but more numerous on the flanks. 

Discussion.—In this form, the convex valve forms a strongly- 
arched vault over the flat portion of the concave valve; and a 
section of the convex valve, taken through the hinge-line, is 
transverse and more or less rectangular. 

Our form, which characterizes the Upper Dibunophyllum-Zone of 
the Mendip area, agrees very closely with the type’ of Productus 
concinnus, figured by Sowerby in ‘Min. Conch.’ vol. iv (1823) 
pl. ecexvii, fig. 1 (left-hand figure only). 

Variation.—Variants, of the form here described and figured, 
towards Productus costatus, J. Sow., are very common. ‘These 
are characterized by an irregular development of strong, broad 
ribs on the anterior part of the shell, and by the conspicuous develop- 
ment of rows of spines on the alate flanks. 


Propucrus g. (Pl. XXXII, fig. 2.) 


General characters.—Hinge-line usually less than, never 
exceeding, the width of the shell. Shell transverse, large, often 
very large. Test moderately thick. 

Convex valve.—tThe body of the valve is globose; longitudinal 
convexity greater than transverse convexity. The beak is broad, 
but narrows rapidly to its apex. The medial area slopes gradually 
and imperceptibly into the wings, which are cylindrically rolled but 
not produced. ‘The wings are generally smooth, but occasionally 
show very faint concentric wrinkles, which never extend far onto 
the flanks. A row of short, curved spines projects from the hinge- 
line. The ribbing is close-set and regular, and the spacing of the 
ribs is maintained uniform by the intercalation of fairly regular 
series of intermediate ribs. 

Resemblances and differences.—From its large size, broa d 
beak, and cylindrically-roiled wings, Productus 9 might often be 
recorded as Pr. giganteus. But Pr. giganteus, as represented in 
Davidson’s ‘Monogr. Brit. Foss. Brachiop.’ (Paleont. Soc.) vol. ii 
(1858-68) pls. xxxvii-xxxviii, & pl. xxxix, figs. 1 & 4, differs from 


* Tam greatly indebted to Dr. A. Vaughan, who (having recently examined 
the type-specimen, preserved in the Natural History Museum) has placed the 
results of his investigation at my disposal. 
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Productus ¢ im the following characters:—(1) Broader beak; 
(2) produced wings; and (8) irregular and flexuous ribbing. 
From Pr. hemisphericus, Pr. » differs in its larger size, more 
transverse form, and in the feebler definition of the wings. 
Evolution.—Pr. ¢, which is highly characteristic of the Upper 
Dibunophyllum-Zone in the Mendip area, was most probably 
formed by direct evolution from Pr. hemisphericus. 


_ PRopucrous sp., convergent with Pr. margaritaceus, Phil. (Pl. XXXII, 
fig. 4.) 


Convex valve.—Shell small, strongly convex, transverse. 
Beak small, pointed, and arched. Wings well-marked, but not 
sharply separated from the rest of the valve. Ribs well-spaced, 
broad and rounded ; increasing almost entirely by the intercalation 
of fresh ribs, but also by very occasional forking; the fresh ribs 
rapidly attain the thickness of the earlier ones. Spines few and 
scattered on the main part of the valve, but numerous on the ears 
and hinge-line. 

Discussion.—This well-marked form, which occurs in the 
Upper Dibunophyllum-Zone of the Mendip area, has a strong 
general resemblance to Pr. margaritaceus, Phil., as represented 
in Davidson’s ‘ Monogr. Brit. Foss. Brachiop.’ (Paleeont. Soc.) vol. 11 
(1858-63) pl]. xliv, figs.5-6a. The general form of the shell, the 
pointed, arched beak, and the disposition of the spines on the wings, 
are points of marked similarity. In the character of its ribbing, 
however, our form differs considerably from Pr. margaritaceus, 
which has flattened ribs, increasing mainly by forking. 


Propuctus aff. prneans, M‘Coy. 


Specimens occurring in the Dibunophyllum-Zone of the Mendip 
area are practically identical with Pr. elegans, as described and 
figured by M‘Coy, in ‘ Brit. Pal. Foss.’ 1855, p. 460 & pl. 111 u, fig. 4. 


Chonetes. 


Cuonerss aff. comorpes (J. Sow.). 


Compare Vaughan, Quart. Journ. Geol. Soc. vol. Ixi (1905) p. 295 & 
pl. xxvi, fig. 4. 

The form abounding in the Lower Dibunophyllum-Zone of the 
Mendips is identical with that which characterizes the same horizon 
in the Bristol area. 

The form which occurs abundantly at the top of S, and the base 
of 8, in the Mendip area is practically identical with the D, form 
in external characters; but the shell is thinner, and the muscular 
impressions much shallower, in the Seminula-Zone form. 

The specimens of Chonetes aff. conoides which occur commonly 
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in the Upper Dibunophyllum-Zone of the Mendips possess well- 
developed area and tubuli, and exhibit the characteristic pitting of 
the under-layer of the test. In their strongly-convex form and 
very thick shell, however, they differ from the D, specimens and 
resemble Davieséella (Productus) llangollensis (Dav.) ‘Monogr. Brit. 
Foss. Brachiop.’ (Paleont. Soe.) vol. ii (1858-63) pl. xlv, figs. 1-6 & 
pl. lv, fig. 9. 


Athyris. 


Arnyris (Acrinoconcuus) cf. ramus toss (L’Eveillé). (Pl. XXXUI, 
figs. la & 1 b.) 


The Mendip specimens, which are all obtained from the Upper 
Cleistopora-Zone, occur crushed in shale, so that their original 
form is somewhat obscured. The mesial fold is slight, and starts 
at some distance from the beak, while the mesial sinus is only 
suggested on the anterior portion of the pedicle-valve. 

The concentric shell-expansions are excellently preserved in the 
majority of specimens. hey consist, in adult specimens, of about 
16 strong, smooth lamelle which, when broken off at the base, 
leave strong concentric ridges on the shell; between these main 
expansions, and especially well developed on the marginal portion 
of the valves, are numerous similar but finer expansions, which, 
when broken off, are represented by very fine concentric ridges. 

The figure in Davidson’s ‘ Monogr. Brit. Foss. Brachiop.’ (Palaeont- 
Soe.) vol. i1 (1858-63) which most closely represents our form is 
pl. h, fig. 14; but the specimen there depicted is less transverse 
than our form, and further shows a marginal sinus in the brachial 
valve, which none of our specimens possess. 


Aruynis cf. gLaprisrria (Phil.). 
= Cliothyris glabristria & mut., Vaughan, Quart. Journ. Geol. Soe. vol. lxi 
(1905) pp. 297, 298. 

Further collecting and much detailed work will be necessary 
before the numerous niutational forms included in this compre- 
hensive gens can be described with profit. For the present, the 
several mutational forms are merely recorded in the faunal lists as 
Athyris ct. glabristria, mut. Z,, mut. Z,, &e. 

In all our forms, the concentric shell-expansions consist of a 
narrow, basal plate, which passes into a fringe. The width and 


thickness of the basal plate vary considerably in different 
specimens. 


Aruyris cf, pxpansa (Phil.), Davidson. 


Compare Davidson, ‘ Monogr. Brit. Foss. Brachiop.’ (Paleont. Soe.) vol. ii - 
(1858-63) p. 82 & pl. xvi, figs. 14, 16, 17, pl. xvii, figs. 3, 3.4. 


Our specimens show considerable variation in form. The com- 
monest form in the Mendip area is most closely represented by 
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pl. xvii, figs. 3 & 3 a, of Davidson’s monograph, but some specimens 
approach pl. xvi, fig. 17 in transversity. 

I am unable to distinguish the specimens occurring in the 
Dibunophyllum-Zone from those in the Syringothyris- and Semi- 
nula-Zones, and I am ignorant of the nature of the shell-expansions, 
which are not preserved in any of my specimens. The fine con- 
centric ornamentation of the shell, however, renders it very unlikely 
that the expansions were strong lamelle. 


Aruyris ef, pranosutcata (Phil.), Davidson. 


The common form in the Lower Seminula-Zone of the Mendip 
area is closcly represented, in general shape, by pl. xvi, figs. 4-4 6 
of Davidson’s ‘ Monogr. Brit. Foss. Brachiop.’ (Palawont. Soc.) 
vol. it (1858-63). But, although I have no direct evidence as to 
the nature of the shell-expansions in our form, the fine concentric 
ornamentation of the valves renders it almost certain that these 
expansions were not strongly lamellar, as they are in the typical 
form of Athyris (Actinoconchus) planosulcata. 


Reticularia. 


Rericurarra cf. reticutara, M‘Coy. 


= Reticularia aff. lineata, Vaughan, Quart. Journ. Geol. Soc. yol. lxi 
(1905) p. 299. 

Compare M‘Coy, ‘Syn. Carb. Limest.. Foss. Ireland’ 1844, p. 143 & 
pl. xix, fig. 15, and Davidson, ‘ Monogr. Brit. Foss. Brachiop,’ (Palxont. 
Soc.) vol. ii (1858-63) pl. xiii, figs. 13 & 134. (Spirifera lineata, vay. 
reticulata.) 

The Mendip form closely resembles M‘Coy’s type-figure, though 
an averdge specimen from the Mendips is larger than the type. 
The strong dental plates, combined with the well-developed area 
and the reticulate structure of the test, characterize our form as a 
typical Reticularia. 

This form undergoes little mutational change throughout its 
long range in the Mendip sequence ; but it is important, as being an 
essentially-Clevedonian fossil. 


Spirifer. 
Spreirer ef. pisutcatus, J. Sow. 


Specimens occurring commonly in the Syringothyris-Zone, and 
more rarely in the Lower Seminula-Zone, of the Mendip area show 
a general resemblance to the type of Spirifer bisulcatus, as figured 
in Dayidson’s ‘ Monogr. Brit. Foss. Brachiop.’ (Palwont. Soc.) vol. ii. 
(1858-63) pl. vi, figs. 6-9; poorness of material prohibits a detailed 
description of our form, 

The few specimens that I have obtained from the Upper 
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Dibunophyllum-Zone are somewhat fragmentary, but they appear 
to be closely similar to the lower form. 


Serrirer cf. rurcatus, M‘Coy. 

The Mendip form, which occurs very abundantly at the base of 
the Seminula-Zone at Cheddar, agrees very closely with M‘Coy’s 
description and figure, in ‘Syn, Carb. Limest. Foss. Ireland’ 1844, 
p- 131, and pl. xxii, fig. 12. It is very abundant at the same 
horizon in the Weston-super-Mare district. 


Spiriferina. 
SPrRIFERINA cf. OCTOPLICATA (Sow.). 
= Spiriferina octoplicata, Vaughan, Quart. Journ, Geol. Soe. vol. lxi (1905) 
p. 800 & pl. xxvi, fig. 6. 
Syringothyris. 
Syrincoruyris aff. cuspipara (Mart.). 


S. aff. cusprpata, mut. K. 

=S8. aff. cuspidata, Vaughan, Quart. Journ. Geol. Soc. vol. xi (1905) p. 301. 
8S. aff. cusprpara, mut. C. 

=S. cuspidata, Vaughan, ibid. 


Camarophoria. 
CaMAROPHORIA IsoRHYNCHA (M‘Coy). (Pl. XXXII, figs. 5 a-6 ¢.) 


M‘Coy, ‘Syn. Carb. Limest. Foss. Ireland’ 1844, p. 154 & pl. xviii, fig. 8 

(Airypa isorhyncha), & ‘ Brit. Pal. Foss.’ 1855, p. 444; Davidson, 

‘ Monogr. Brit. Foss. Brachiop.’ (Paleont. Soc.) vol. 11 (1858-68) p. 117 & 
pl. xxv, figs. 1-2 d. 

2 : : This species is 
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Internal characters.—Pedicle-valve (text-fig. 2, p. 376): 
Dental plates large, converging and forming a spondylium, which 
extends throughout half the length of the valve. The crest of the 
spondylium is fused with the bottom of the valve throughout the 
greater part of its length; but anteriorly it is united to the valve by 
a low, strong mesial septum, which does not extend far beyond the 
anterior end of the spondylium. 

Brachial valve: Mesial septum and cardinal process well- 
developed. 


EXPLANATION OF PLATES XXXI-XXXV. 
Prarn XXXI. 
[All the figured specimens are preserved in the Author’s collection. | 


Fig. 1. A Caninoid Cyathophyllum (p. 367). Horizontal section; 1:17. 
Syringothyris-Zone; Vallis-Vale section, near Frome (Somerset). 
Figs. 2a & 2b. Campophyllum caninoides, sp. nov. (p. 368). 
Fig. 2a. Horizontal section ; natural size. 
Upper Syringothyris-Zone, Leigh-upon-Mendip (Somerset). 
Fig. 2. Horizontal section; «116. 
Upper Syringothyris-Zone ; Stoke Lane (Somerset). 
Fig. 3. A Campophyllid (p. 369). Horizontal section; <1:18. 
D, subzone ; Emborough (Somerset). 
Fig. 4. Carcinophyllwm mendipense, sp. nov. (p. 869). Horizontal section ; 
x 1:22. 
Base of Seminula-Zone ; Milton-Road Quarries, Weston-super- 
Mare (Somerset). 
Figs. 5a & 5b. Oyathophylloid Clisiophyllids (p. 370). 
Fig. 5a. Horizontal section; X 1-2. 
§, subzone ; Vallis-Vale section, near Frome (Somerset). 
Fig. 50. Horizontal section; x 1°5. 
§, subzone ; Holwell (Somerset). 


Puatr XXXII. 


[All the figured specimens, with one exception, are preserved 
in the Author’s collection. ] 


Figs. la & 16. Athyris (Actinoconchus) cf. lamellosa (L’Eveillé) (p. 374). 
K, subzone ; Maesbury railway-section (Somerset). 
Fig. 1 a. Pedicle-valve; 1:08. 
Fig. 1. Another specimen. Brachial valve; natural size. 
Fig. 2. Productus ¢ (p. 372). Convex valve ; natural size. 
D, subzone; Emborough (Somerset). 


Figs. 3a & 36. Productus concinnus (Sow), mut. D, (p. 872). Convex valve ; 
natural size. 
D, subzone ; Emborough (Somerset). 
Fig. 4. Productus sp., convergent with Pr. margaritaceus, Phil. (p. 373). 
Convex valve; natural size. 
D, subzone; Ebbor Valley, near Wells (Somerset). 
Figs. 5a-5¢. Camarophoria isorhyncha (M‘Coy) (p. 376). Base of Seminula- 
Zone ; Cheddar-Gorge section (Somerset), 
Fig. 5a. Brachial valve ; natural size. 
Figs. 56 & 5c, Another specimen (A. Vaughan Coll.). 
5b. Side view of both valves ; natural size. 
5c. Pedicle-valve; natural size. 
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Prare XXXIII. 


Sketch-map, showing the outcrop of the Carboniferous Limestone (Avonian) 
im the Mendip area, on the scale of 4 miles to the inch. 


Puats XXXIV. 


Range-diagram of corals in the Carboniferous Limestone (Avonian) of the 
Mendip area, 


Puars XXXV. 


Range-diagram of brachiopods in the Carboniferous Limestone (Avonian) of 
the Mendip area. 


Discussion. 


The Presipenr said that he had already expressed his interest in 
the application of Dr. Vanghan’s work to other districts, and he 
congratulated the Author on tke clearness with which he had 
presented his results to the Fellows. 

Mr. W. A. Kk. Ussuer complimented the Author on the working- 
out of the tectonic features of the Mendips, a point which was 
not contemplated in the resurvey of the area by himself and 
Mr. H. B. Woodward about 34 years ago. In view of the abnormal 
occurrence of Coal-Measures under the Carboniferous Limestone at 
Vobster, he desired to ask the Author as to the exact position of 
the borehole in the Ebbor Valley, in which Coal-Mecasures were 
said to have been struck. 

Mr. H. B. Woopwarp wished that the Author had marked on the 
map the boundaries of the zonal divisions. With regard to the 
Ebbor district, he was quite prepared to accept the Author’s reading 
of the structure, which differed from that to which he had been led 
in 1871; and he thanked the Author for dealing generously with 
the work of those who had preceded him. 

Mr. E. E. L. Drxon congratulated the Author on the valuable 
results obtained by his determination in the Mendips of the zones 
instituted by Dr. Vaughan. In view of their proved general ap- 
plication in Western England, Wales, and Ireland, these zones 
might be considered as having passed beyond the probationary stage, 
and future advances would trend in the direction of determining by 
their means the physicai conditions at various periods of Carboni- 
ferous time, and in unravelling the evolutionary connexion between 
successive faunas, as it was on this connexion that the value of the 
zoning method depended. 

The district described was of especial interest to the speaker, as 
the change in the character of the Syringothyris-Zone, which was 
noted in passing northwards from it to Bristol, could be paralleled 
in Southern Pembrokeshire, where fossiliferous limestones im the 
lower part of the zone gave place northwards to a band of dolomites 
on the same horizon. Another point of interest was the absence 
of any sign, below the base of the Avonian, of the approach to the 
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marine conditions which existed during the deposition of the 
Devonian rocks of Devon. 

In conclusion, the speaker enquired as to which of the voleanic 
horizons proved at Weston-super-Mare corresponded to the igneous 
rock at Uphill. 

The Rev. H. H. Wrxwoop said that he hoped that the zonal wave 
would continue to roll on, and that the admirable work done by 
Dr. Vaughan, and his able pupil the Author, amid the Carboniferous 
rocks of the West would be taken up by geologists in the North. 
He asked the Author whether there was any evidence of faulting 
in the limestone-rocks of the Ebbor Gorge besides the fact, as 
stated, of the break in the usual zonal succession. The absence or 
extreme paucity of the ‘ Modiola’-phase in the Mendips was an 
argument for the use of the more general term Cleistopora. He 
noted some new terms again introduced—‘ Clevedonian,’ ‘ Kid- 
wellian,’ and ‘ Avonian ’“—somewhat puzzling to older geologists. 
Would the two former stand the test of criticism? The last- 
mentioned designation, ‘Avonian,’ as representing the typical 
Western section, might perhaps be useful. 

Mr. C. B. Wepp stated that, in Eastern Derbyshire, the coral- and 
brachiopod-faunas of the upper part of the Carboniferous Limestone 
agreed closely with the Dibunophyllum-Zone of Dr. Vaughan’s 
classification. A better acquaimtance with the latter and with the 
fauna of Eastern Derbyshire showed that this agreement was closer 
than he had supposed, and that all the Upper Limestone, at least 
down to the second bed of toadstone, could be assigned with con- 
fidence to the Upper Debunophyllum-Zone (D,). ‘This included 
nearly the whole of the limestone exposed in the neighbourhood of 
Wirksworth, Cromford, Bonsall, Matlock, and Derby, and all the 
strata seen in the inlers of Crick and Ashover. 

Sir ArcurBaLp Guixre expressed the pleasure which geologists in 
this country could not but feel that the reproach was now being 
removed that they had left the great Carboniferous Limestone of 
the British Islands without any attempt to subdivide it into 
paleontological zones. He hoped that, in introducing new strati- 
graphical terms, regard would be had to the detailed work of 
the Continental geologists, particularly those of Belgium, in the 
Carboniferous Limestone. 

The AvrHor thanked the Fellows for their kind reception of his 
paper. In answer to Mr. Dixon, he stated that the igneous rock 
at Uphill was associated with Upper Zaphrentis-Beds, and therefore 
occurred at the lower of the two volcanic horizons. Replying to 
the Rev. H. H. Winwood, he explained that, although the 
exposures north-east of the Ebbor Valley did not furnish any 
direct proof of the existence of a fault between the Upper 
Dibunophyllum-Beds and the Lower Seminula-Beds, such evidence as 
there was undoubtedly favoured that view. The terms Clevedonian 
and Kidwellian had been suggested by Dr. Vaughan for the lower 
and upper stages, respectively, of the Avonian, because it was not 
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possible to correlate accurately these two stages, as defined in the 
South-West of England and South Wales, with the Tournaisian and 
Viséan stages of the Belgian geologists. The Syringothyris-Zone 
formed the uppermost part of the Clevedonian in Dr. Vaughan’s 
scheme, but the equivalent part of the Belgian sequence was included 
in the Viséan by the Belgian geologists. In answer to Sir Archibald 
Geikie, the Author stated that the work of the Belgian geologists 
had received full attention in Dr. A. Vaughan’s paper* on the 
Bristol area: a correlation of the Bristol sequence with the Belgian 
sequence was contained in that paper. 


1 Quart. Journ. Geol. Soe. vol. 1xi (1905) pp. 255-57. 
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15. The Grotoey of Dunepixn (New Zuatanv), By Parrick 
Marswatt, M.A., D.Sc., F.G.S., Professor of Geology in the 
School of Mines of the University of Otago. (Read May 10th, 


1905.) 
[Pratus XXXVI-XXXIX.] 
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I. Iyrropucrion, anp Duscriprion or THE TopogRAPHY 
OF THE AREA. 


Tap eastern coast of the South Island of New Zealand has two 
projecting points consisting of volcanic rocks of Kainozoic age. 
These igneous masses constitute Banks Peninsula and the Otago 
Peninsula. Except in regard to their physiographical nature, neither 
of these areas has been submitted to accurate geological exami- 
nation, although enough work has been done to show that both of 
them offer a most interesting field for petrographical study. 

The general structure of Banks Peninsula was studied by Sir 
Julius von Haast,! who traced and described various crater-walls 
which were the boundaries of the foci of most intense volcanic 
activity. The structure of one of these—Lyttelton Harbour—was 
displayed with great clearness in the walls of the railway-tunnel that 
pierced it, and Sir Julius has given an accurate description of this. 

Many of the rock-specimens collected during the tunnel-driving 
were described and figured by the officers of the French Campbell- 
Island Expedition. Other rock-specimens from the district have 
been described by Marshall,’ Speight,* and Ulrich.* 

So far as its general structure is concerned, Otago Peninsula 
has received less notice, though brief descriptions have been given 
by Hutton,’ Hector, and Ulrich.’ More detailed work has been 
devoted to the Otago-Peninsula rocks, and some types were described 
by Hutton, and later, in a far more elaborate manner, by Ulrich. 
who was the first to recognize the specially-interesting series of 
alkaline rocks that occurs here.. 

1 ‘Geology of Canterbury & Westland’ 1875. 

2 «Tridymite-trachyte of Lyttelton’ Trans. N. Z. Inst. vol. xxvi (1893) p. 368. 

3 ¢On a Doleritic Dyke at Dyers Pass’ Jbid. p. 408. 

4 «On the Occurrence of Nepheline-bearing Rocks in New Zealand’ Rep. 


Austral. Assoc. Adv. Sci. vol. iii (1891) p. 127. 
> «Geology of Otago’ 8yo. Dunedin, 1875. 
6 Rep. Austral. Assoc, Ady. Sci. vol. iii (1891). 


Q.J.G.8. No. 247. 2D 


382 PROF. P. MARSHALL ON THE [Aug. 1906, 


In the present paper an attempt will be made to deal more fully 
with this Otago district, although it must at once be stated that the 
result should be regarded only as a breaking of the ground of an 
area that will afford abundance of inspiring work for several gene- 
rations of geologists, who will here find material in plenty and in 
astonishing variety for testing theories in regard to magmatic 
differentiation or other agencies controlling the nature of volcanic 
emissions. 


Position and Surface-Features. 


The Otago Peninsula forms a prominent projection from the 
southern portion of the eastern coast of the South Island of New 
Zealand, in latitude 45° 52’ S. and longitude 170° 31' 30" KE. It 
extends for 14 miles from north-east to south-west, but 1s nowhere 
more than 6 miles wide. It is united to the mainland at its south- 
western extremity by a narrow strip of sand, about a mile long and 
a mile wide, of recent accumulation. Its coast-line is irregular, 
and where fronting the Pacific Ocean the land rises at most of 
the headlands abruptly, often vertically, to a height of 300 or 
400 feet. The greatest height of cliff is found at Highcliff, the top 
of which is 800 feet above sea-level. The indentations in this 
coast-line are fringed by a beach of white quartz-sand, which is 
constantly travelling northward under the influence of the heavy 
northward-setting seas and current. Two inlets are of especial 
size— Hooper’s Inlet and Papanui Inlet, each 2 miles long by 1 wide. 
They are extremely shallow over nearly all of their extent, and 
flat muddy bottoms are exposed at low tide. The entrances are 
almost closed by large flat expanses of sand, rising here and there 
into dunes. The sand-flat is in each case on the north side of the 
inlet, and a narrow channel extends between it and the rocky cliffs 
that form the south side of the entrance. 

Similar sand-flats, with their surface ranging to 20 feet above 
high-water level, are found in all the sheltered bays. In most 
cases, they completely fill the bay right up to its rock-walls, but 
occasionally, as at Tomahawk, a lagoon is formed whence the 
rainfall escapes over a depression in the sand-barrier ; and through 
this the sea-waves may wash into the lagoon during periods of 
high tides or heavy weather. 

The coast-line of the peninsula that forms the south-eastern 
border of Otago Harbour has sloping sides ending in short cliffs. 
Four miles from the north-eastern point—Taiaroa Head—a sandy 
beach extends north-eastward for 3 miles; and the sand from a 
portion of this—the Rauone beach—has been blown by the south- 
westerly winds right over the peninsula, here half-a-mile wide and 
400 feet high, into a bay on the opposite sea-coast. The whole 
of this inner coast-line has numerous small bays and headlands ; 
all of the bays are shallow, and much mud-flat is exposed at low 
tide. One peninsula~at Portobello—projects outward for a full 
mile at right angles to the coast. : 
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The surface of the Peninsula is hilly, in places almost mountainous. 
The highest elevations are: Mount Charles (Moehau) 1340 feet, 
Sandy Mount 1068 feet, and Harbour Cone 1044 feet; but several 
other elevations rise above 1000 feet. These elevations are sepa- 
rated by deep V-shaped valleys, with steep thalwegs that terminate 
in sandy flats on the ocean-coast, or at the apices of the mud-flats 
running into the harbour-bays. 

With the exception of one or two small onterops, the Peninsula is 
built up exclusively of voleanic rocks. 

The Otago Peninsula is not different in structure from that part 
of the mainland which is adjacent to it, nor from the coast-line 
extending 4 miles to the south and 10 miles to the north. Varieties 
of volcanic rock similar to those that form the Peninsula are 
found over all this extent, and they reach 8 miles inland. The 
whole of this district is a geological unit, the nature and structure 
of which are described in the following pages. 


The description of the physiographical features of the Peninsula 
just given applies almost exactly to the rest of this district, although 
in both its northern and southern portions the various natural 
sections displayed in sea-cliffs and stream-valleys reveal a Kainozoic 
sandstone lying somewhat unconformably beneath the volcanic rocks. 
At the extreme limits of the district, the sandstone is seen to repose 
with a highly-unconformable junction upon the metamorphic rocks. 

The coast-line immediately to the south of the Peninsula and 
to the north of Waitati, exhibits features rather different from 
those shown elsewhere in the district, for the Kainozoic calcareous 
sandstones are intersected by vertical joints ; consequently, perpen- 
dicular cliffs without fringing beaches, but with outlying stacks, 
are frequent. North of the Peninsula, the sandy flats filling the 
smaller inlets are as characteristic as on the Peninsula itself. 
Murdering Beach, Kaikai’s Beach, and Long Beach have an 
appearance closely similar to Sandfly Bay and Te Onepoto on 
the Peninsula. ‘he larger inlets, again, have been converted into 
extensive tidal flats, with a sand-flat nearly closing the entrance. 
This is typically shown in Blueskin and Purakanui Bays. 

The north-western shore of Otago Harbour has the same general 
characters as those mentioned in the description of the south-eastern 
side. The Port-Chalmers peninsula projects in a southerly direction, 
almost opposite the Portobello peninsula, which has a north-westerly 
trend. The width of the harbour is here still further contracted by 
the presence of two small islands (Quarantine Islands) between the 
two peninsulas. ‘his chain of peninsulas and islands divides the 
upper from the lower harbour. The north-eastern entrance of 
the harbour is, as in the case of the other large inlets, partly 
closed by a sand-flat; but the tidal flow of water, assisted by the 
discharge of the numerous streams that flow into the harbour, is 
sufficient to keep a moderately-deep channel clear, so that vessels 
of large tonnage can enter and leave at suitable states of the tide. 


The surface of this district is even more rugged than that of the 
2D 2 
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adjoining Peninsula, for the heights are greater and the valleys 
more profound. Mount Cargill (2232 feet), Flagstaff (2204), Signal 
Hill (1289), Swampy Hill (2195), Mihiwaka (1847), and Mopanui, 
are the more prominent elevations. 

The more important streams are: the Kaikorai, flowing out to 
the south of the district ; the Leith and North-East Valley streams, 
flowing into the head of Otago Harbour ; the Waitati, flowing into 
Blueskin Bay ; and the Waikouaiti, in the extreme northern portion 
of this district. 


Origin of the Land-Forms. 


The development of the physiographical features of the district 
requires only a brief explanation. In recent volcanic areas, the 
nature of the surface-features necessarily depends upon the varying 
intensity of voleanic action throughout the district. In all ordinary 
cases, the higher and more prominent elevations are the foci of 
eruption. As time goes on, and some of these elevations are removed 
by the ordinary processes of denudation, deep valleys may be 
eroded and the whole topography of the district changed, until it 
has the usual features found in all denuded land-areas. That this 
has occurred in the Dunedin area is evident at the first glance, for 
almost everywhere are missed the conical hills and craters that 
always distinguish the undestroyed volcanic districts. 

In nearly every instance the upper portions of the valleys are 
steep and rocky, and the streams in them are small torrents. The 
lower portions are open and flat, with bottoms formed of gravels 
through which the streams meander. 

The streams enter the sea at the heads of far-reaching bays, or in 
their lower course run over widespreading sand-flats. These bays 
and depressions, now filled with sand, are evidently in their origin 
valleys formed by the streams that now enter them, and, like the 
lower portions of the present valleys, must have been excavated 
when the land stood at a higher level relatively to the ocean than 
it does now. 

This is most clearly seen in the case of Otago Harbour. It 
is at once clear that this is no hollow formed by explosion, as in 
Lyttelton Harbour and Akaroa Harbour in Banks Peninsula, but a 
depression that has been eroded by running water. The opposing 
peninsulas at Port Chalmers and Portobello, with the Quarantine 
{slands between them, mark the old watershed, whence one stream 
flowed north-eastward to Otago Heads, and the other south- 
westward to St. Clair. Depression converted these stream-valleys 
into sea-inlets, and its amount was sufficient to submerge the 
watershed separating their head-waters. The continual northward- 
setting drift and some movement of elevation finally blocked up 
the south-western entrance to the inlet with sand, and since then 
the outlet has remained constant at Otago Heads. 

Additional evidence in favour of this view is afforded by the 
direction in which the bays opening into the harbour are directed. 
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In the Lower Harbour, or north-eastern part of the harbour, nearly 
all the bays point northward or eastward : as, for instance, Portobello 
Bay and Deborah Bay; though a few, such as Hamilton Bay, offer 
rather distinct exceptions. These northern and eastern directions 
are the natural directions that would result if the bays were the 
valleys of small tributary streams feeding the larger one that occupied 
the present depression of the lower harbour. 

Similarly, the bays in the inner or Upper Harbour, such as 
Sauers Bay and Broad Bay, are directed nearly due south or west, 
and may easily represent the submerged valleys of streams tributary 
to the main river that flowed from Port Chalmers to St. Clair. 

To the general rule in this district (that the upper portion of the 
stream-valleys are steep and rocky, and the lower portions open 
gravel-flats) there is one remarkable exception. This is found in 
the valley of the Leith Water. For the upper 2 miles of its 
course, this stream runs in the typical V-shaped steep rocky valley. 
For the next 4 miles the stream flows quietly over a gently-sloping 
valley with slowly-rising sides. Thence almost to its mouth, a 
distance of 5 miles, it flows with numerous cascades in a deep 
gorge, but for the last mile the bottom of this gorge is filled with 
recent gravels. In other words, the upper portion of this valley is 
still developing in the same way as all the other valleys of the 
district. Then there is a portion the development of which is 
mature, but the lower part is a gorge still in the very earliest 
stage of development. It is apparent that the course of this stream 
has been interrupted by some cause the effect of which has not yet 
spread back to that part of its valley which still shows the mature 


development. 
The topography of the district at once gives a clue to the 
nature of this disturbing influence. The accompanying map. 


(Pl. XXXVI) shows that the upper part of the Leith Valley is a 
direct continuation of the Kaikorai Valley. There is a well-defined 
mature valley behind Maori Hill; and a continuation of this can 
be traced over the reservoir-site to the Leith Valley, where indi- 
stinct terraces carry it forward to the Upper Leith, in which 
region the valley-form is mature. Throughout this distance, river- 
gravels are to be found in many places. This was apparently the 
bed of a stream that rose where the Leith now rises, the course of 
which coincided with that of the Leith as far as the reservoir, 
whence it flowed behind Maori Hill, and along the present Kaikorai 
Valley (which is now almost a dry valley) to the sea. 

This stream appears to have been beheaded by a tributary of the 
North-East Valley-stream, which, rising at a source of the same 
altitude as that of the Leith, had a much shorter and therefore 
steeper course, and consequently eroded its valley more rapidly. 
The present gorge of the lower portion of the Leith is the valley of 
the intersecting tributary deepened and enlarged by the Leith 
waters. The beheading has occurred so recently, that the deepening 
of the valley resulting from its sudden shortening has not yet 
affected the upper portions of the old, more mature valley. 
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In the terminology proposed by Prof. W. M. Davis, these facts 
may be thus expressed. ‘he North-East Valley and the Leith- 
Kaikorai valleys are those of consequent streams, resulting from 
the high elevation of the volcanic district. The lower part of 
the Leith gorge is a subsequent. The valley behind Maori Hill is 
an air-gap, and down this a more subsequent or obsequent stream 
flows into the Leith. 


The submerged stream-valleys that now constitute the Upper and 
Lower Harbours, Hooper’s and Papanui Inlets, are sufficient proofs 
of the fact. that the district has been, within geologically-recent 
times, at a much higher level relatively to the sea. A minimum 
estimate of this previous elevation can be obtained by producing 
the actual slope of the sides of Otago Harbour at its narrowest 
point until the slopes meet at the bottom of a V-shaped valley. 
This would take place at a vertical depth of 900 feet below the 
present sea-level. The inlets are all of considerable breadth near 
their entrances, and may possibly extend outwards beyond the 
coast-line. It is, therefore, probable that the elevation was much 
greater than the minimum estimate given above. 

On the other hand, there are some physiographical features that 
show that the land has been more deeply submerged than at 
present since these valleys were eroded. In many places along the 
coast-line old marine rock-shelves can be found. They are especially 
noticeable near Cape Saunders, at Sandy Mount, and at Sea View. 
The most distinct of them is about 250 feet above the present sea- 
level. At Sandy Mount the change of sea-level has been responsible 
for the formation of the magnificent natural bridge. The span of the 
bridge is 250 feet above sea-level and 30 feet wide. Its surface is 
level with the old marine plain or shelf. The ravine that it spans 
follows the course of a tinguaite-dyke. When the land-level was 
250 feet iower, marine erosion worked the coast-line back 100 yards 
farther than the present sea-margin, and this old sea-margin is now 
marked by a ridge of worn cliffs. As elevation proceeded the coast- 
line reached farther forward, but is now being worn back again, 
though with extreme slowness, because of the hardness of the rock. 

Along the tinguaite-dyke, planes of rock-fracture have enabled 
the marine action to proceed with greater rapidity, and a ravine 
with vertical walls, except where landslips have sloped it off, has 
resulted. The erosion has been confined to the sea-level, and at 
the sea-margin, where the diameter of the dyke increases slightly 
upward, some of the tinguaite has been supported in place, and, 
constituting the arch of the natural bridge, thus prevents the sides 
of the ravine from slipping. 

There are no marine shelves or other indications in this district 
tending to show that the submergence has ever been greater than 
300 feet below its present level. The identity of level, between the 
inner and outer portions of the sand-flats at the entrances to the 
inlets, shows that the present level has been maintained for a long 
period of years. 
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All the exposed surface of the rocks has undergone much decom- 
position, and rich soils have been formed. On these soils, a sufficient 
rainfall and a mild climate have favoured the growth of a luxuriant 
forest-vegetation, extending to the water’s edge. On some of the 
more exposed hill-tops, scrub and native grasses take the place of 
the forest, and on the flat summit of Swampy Hill a luxuriant 
growth of moss so efficiently retains the abundant rainfall, that an 
extensive peat-bog has been formed. During the last fifty years, 
the growth of primeval forest has been felled by the settlers, and 
the hillsides are now clothed with a dense sward of grass; but this 
hides the rock-outcrops almost as effectually as the original forest, 
and greatly increases the difficulty that must always be considerable 
in attempting to solve the intricate relations between the many 
kinds of igneous rocks found here. 


II. Drscrierion or tar Rock-Tyens, anv THEIR GEOLOGICAL 
OccURRENCE. 


The rocks of the district belong to so many different types, and 
the alternations and transitions from one type to another are so 
frequent and abrupt, that much material will probably be discovered, 
which will be of importance in testing the various theories that have 
been advanced to account for the differences in structure and com- 
position observed in igneous rocks in various regions. 

Many difficulties are encountered when one attempts to define the 
range and extent of any lava-stream. In the first place, the thick 
covering of vegetation and depth of soil prevent, over a great part 
of the area, all possibility of obtaining specimens of the rock from 
which the soil has been formed. The boulders that sometimes occur 
on the surface are in many cases clearly not in situ, and examina- 
tion of them is more likely to lead to erroneous than to correct 
conclusions. 

Although microscopic methods show that many quite divergent 
rock-types are present, the differences between them are often by 
no means apparent in hand-specimens, Many of the rocks are so 
fine-grained and of so uniform a black, that much field-practice 
with these particular rocks is necessary before the different kinds 
can be distinguished with any certainty. Many of the basalts are 
so nearly identical in megascopic characters with some trachytoid 
phonolites, andesites, nephelinitoid phonolites, trachydolerites, and 
basanites, that field-observations and conclusions often prove to be 
entirely incorrect. The late Prof. G. F. H. Ulrich, when writing 
of this district, said that the rock-varieties require 
‘for their identification both chemical and microscopical examination nearly 
step by step.’ 

On the other hand, there are many excellent sections exposed on 
the lengthy sea-coast, while the small streams have everywhere cut 


1 Rep. Austral. Assoc. Ady. Sci. vol. iii (1891) p. 146. 
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deep into the rocks, and thus the work is rendered less difficult ; 
though the want of connexion between the sections is especially 
confusing in such a district as this, where changes so sudden and 
complete occur in places where the margin of one lava-sheet 18 
reached, or a sudden unevenness of the surface over which it flowed 
causes it to dip unexpectedly beneath a totally-different rock. For 
these and other reasons, of which one is the comparatively-large 
extent of the district, the present paper must be regarded as pre- 
liminary, although it is thought that the observations already made 
enable the general structure of the district to be correctly de- 
scribed, despite the fact that the details of nearly all portions are 
quite inadequately known. 

Sixteen distinct rocks were described by the late Prof. Ulrich.” 
All the rocks that he examined were classed as phonolites and 
andesites, though he remarked that some varied toward tephrites 
and basanites. Many of these I have classed as trachydolerites. 

Rock-specimens have been collected in fair number from portions 
of the district, and from these over a thousand microscopic sections 
have been prepared. The following classes of rocks have been 
recognized :— : ¢ 


I. Meramorrentic : 
Mica-schist. 


IL. Sepimenrary : 


1. Kainozoic sandstones and limestones. 
2. Conglomerate. 
3. Recent alluvium. 


ITI. Ienzovs: 


1. Hornblende-foyaite. 11. Nephelinitoid phonolite. 

2. Augite-diorite. 12. Leucitophyre. 

3. Tinguaite. 13. Trachydolerite, 

4. Ulrichite. 14. Andesite. 

5. Hypabyssal trachydolerite. 15. Nepheline-basanite. 

6. Camptonite. 16 { Nolerite, Mount-Charlestype., 
7. Teschenite. ‘ | Dolerite, Papanui type. 

8. Trachyte. 17. Basalt. 

9. Kaiwekite. 18. Melilite-basanite. 
10. Trachytoid phonolite. 19. Port-Chalmers breccia. 


Metamorphic rocks.—The age of the mica-schist is not 
definitely known. By the late Capt. Hutton it is,on general grounds, 
referred to the pre-Cambrian Era. By Sir James Hector—whose 
opinion is chiefly based on the petrographic similarity of the schist 
to certain rocks the position of which is definitely known in the 
Nelson province—the mica-schist is referred to the Silurian Period. 

Whatever its true age, the complete metamorphic nature of the 
rock without steep or complicated folds, and its entire wncon- 
formity to all other formations of the district, prove that it has been 
very deeply buried. Its emergence at the surface is the result of 


1 Rep. Austral. Assoc. Ady. Sci. vol. iii (1891) pp. 127-50. 
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the formation of an extensive anticlinorium and consequent pro- 
longed denudation. 

The rock occurs on the western outskirts of the present district, 
and fragments are frequent in the Port-Chalmers Breccia. Eise- 
where it extends for 100 miles to the west and 50 miles to the north 
and south of the district, in unbroken continuity except when 
fringed on the margin by Tertiary formations, or where river-valleys 
or basins have been wholly or partly filled by late Tertiary or 
recent accumulations of gravel or other alluvium. 

Where the schist is in contact with other rocks of this district, it 
has a fairly-uniform dip of about 30° in a direction 8. 40° E. 


Kainozoic calcareous sandstone.—In hand-specimens this 
rock is of a light grey colour, quite fine-grained. Sections show a 
number of tests of foraminifera, among which forms like Tewtu- 
larva, Cristellaria, and Gilobigerina can be distinguished. The 
sand-grains are subangular, and consist solely of quartz. 

The Tertiary sandstones and limestones have a thickness of about 
1000 feet at Whare Flat, where the schist is exposed below them 
and the basalt of Swampy Hill is to be seen above them. 

The main part of the formation is a white calcareous sandstone, 
which forms vertical marine cliffs at Sea View and at Seacliff, in 
the southern and northern part of the district respectively. It 
has, in these two localities, a slight dip (5 to 10°) westward. Near 
Brighton, where the Tertiary deposits rest upon the mica-schist, the 
base of the formation is a clean white quartz-sand, upon which rests 
a seam of inferior brown coal. This is covered by a fine conglo- 
merate, consisting of pebbles of quartz evidently derived from the 
schist. In the conglomerate are many fragments of shells of Ostrea, 
and abundant specimens of Actinocamaz, a late form of belemnite. 
The conglomerate is succeeded by the calcareous sandstone pre- 
viously mentioned, and this is again covered by white and green 
sands, the latter containing sharks’ teeth and Waldheimia. 

The Tertiary formations are not found above the sea-level in most 
parts of the district, but they rise in Swampy Hill to a height of 
1700 feet above sea-level. In Mornington there is a pit whence 
the upper white sand is obtained, 500 feet above sea-level. In the 
Glen quarry at Caversham, half a mile distant, the same deposit is 
found 30 feet above sea-level. 

On the Otago Peninsula there is an outlier of the calcareous 
sandstone at the Sandymount schoolhouse. Here it dips 30° south- 
westward at 560 feet above sea-level, although it is nowhere exposed 
at the neighbouring sea-margin except on the opposite side of 
Hooper’s Inlet, where the dip is in the same direction, but steeper. 
On the opposite side of Otago Harbour, a small outcrop at Blanket 
Bay dips 20° north-westward, and another in Dowling Bay 40° north- 
north-westward. 

These facts show that the Tertiary formations have at present a 
highly-irregular surface. It is probable that this irregularity was 
chiefly caused by erosion before volcanic activity commenced, 
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although in places local disturbances of these strata undoubtedly 
took place during the eruptions. ; 

The seams of brown coal that are found in the Tertiary formations 
occur usually near the base, and rest, with few underlying strata, 
upon the schist. Some of them, at Saddle Hill and in the valley 
of the Kaikorai stream, are extensively worked. 

The fossils found in the calcareous sandstone-series are sufficient 
to allow of the correlation of this formation with contemporaneous 
strata in other parts of New Zealand. There are numerous 
foraminifera—species of Nodosuria, Tewtularia, Cristellaria, and 
Lagena, but none have so far been described. Of mollusca, Pecten 
Huttoni is abundant and characteristic. Waldheimia lenticularis 
is the most abundant brachiopod; and Meoma Crawford: an 
echinoderm. These are sufficient to class the formation as be- 
longing to the Oamaru System (of Oligocene age) of Hutton’s classi- 
fication, and with the Cretaceo-l'ertiary of the New Zealand 
Geological Survey. 

In a few localities, notably in the Kaikorai stream on the north- 
east side of Swampy Hill, and at Waikouaiti, fine shales rest upon 
the calcareous sandstone-rocks. They are, in the former place, 
unconformable to the marine beds below them, probably uncon- 
formable in the second locality, and Prof. James Park has described 
them as unconformable at Waikouaiti. 

The leaves are in a good state of preservation. A collection has 
been placed in the hands of Mr. Deane, of Sydney, who has done 
so much excellent work on the Tertiary flora of Australia. A 
preliminary examination of them tended to show that, although 
there was present an important element similar to the recent flora 
of New Zealand, there was also another element quite different 
from it. Prof. Park, without any identification, and relying 
entirely upon stratigraphical evidence in the Waikouaiti section, 
places the plant-beds in the Pliocene Period. Until Mr. Deane has 
completed his work, itis unwise to make any more definite statement 
than the vague assertion that the leaf-beds are of post-Oligocene age. 

At the Swampy-Hill locality the plant-shales are highly car- 
bonaceous, and contain a considerable quantity of paraffin. 


At the Swampy-Hill and Waikouaiti localities, a pumice or light 
scoria-bed rests upon the leaf-beds; and in all the three leaf-bed 
localities, and in many others, there are beds of gravel or con- 
glomerate lying upon the leaf-beds where present, or otherwise 
upon other Oligocene formations or upon some lava-flows, and they 
are in their turn covered by other lavas. 

The Kaikorai valley (Frazer’s Gully) is again the most important 
locality for the study of this formation, for the conglomerate is here 
100 feet thick, extends over many acres, and is intersected through-. 
out by the gorge of a small stream. In this locality it is 
conformable to the underlying leaf-beds, and is probably so at 
Waikouaiti and Swampy Hill. In all cases where such a con- 
glomerate has been found, it is composed of fragments of volcanic 
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rocks ; and the examination and classification of these furnish a 
considerable aid in fixing the relative ages of some of the different 
rock-types. Their consideration will be left over, until the discussion 
of the various rock-types to which the boulders belong. Wherever 
these conglomerates have been observed, they are covered by sheets 
of lava, usually of a basic character. 


Alluvium of recent accumulation fills the lower portion 
of many of the stream-valleys. It consists usually of gravel. Its 
presence is of little interest or importance, except as showing that 
some depression has taken place since the valleys were eroded. 

Blown sand is found in all the sheltered bays round the coast. 
The sand is first deposited on the beach, whence it is blown until 
its further course is arrested by the growth of vegetation or by the 
opposition of some rock-mass. The sand has been deposited in 
greatest quantity on the northern and north-western sides of the 
inlets, especially those larger ones that have prominent projecting 
south-eastern points. 

In most instances the rapid growth of vegetation has prevented 
the sand from blowing on to the adjacent hill-slopes. At Sandfly 
Bay and at Rauone Beach, near Taiaroa Head, the growth has not 
been sufficiently rapid to prevent this movement, and the sand has 
been blown over a saddle 800 feet high at Sandy Mount and 400 feet 
high at Rauone. 

This sand is formed almost exclusively of quartz-grains. In 
localities where the prevalent south-westerly and north-easterly 
winds have full play, the backward and forward movement of the 
sand has produced dreikanter with asharp summit-ridge directed 
from north-west to south-east. 


Igneous Rocks. 


1. Hornblende-foyaite—The only rock classed under this 
head occurs apparently as a massive intrusion, at the base of the 
Harbour Cone near the shore of Hooper’s Inlet. It is a light-grey 
type, showing felspars and amphibole in the hand-specimen, with 
some pyrite which is most frequent round the border of the horn- 
blende-crystals. 

In section, the rock shows an allotriomorphic structure. Some of 
the felspar is orthoclase and part oligoclase-andesine, twinned after 
the albite and sometimes after the pericline-law. A little nepheline, 
much decomposed, is also present. ‘The hornblende is dark brown, 
with the pleochroism of arfvedsonite. It is surrounded by a 
broad resorption-ring, consisting of egirine-augite in very fine 
grains, magnetite, and pyrite. The hornblende is penetrated by 
numerous, short, stout prisms of apatite. (See Pl. XXXVII, fig. 1.) 

Chemically, this rock agrees closely with foyaites from other 
localities, as the following analyses demonstrate :— 
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I O. 
Per cent. Per cent. Per cent. 
SiO enc sescsetesece 53°54. 56°71 53°09 
AO ee Masdeasotattees 22°52 22°49 ; ae 
Be, OF teseess ieee op - “St 
Be ec ae eee } 850 Pie { 204 
OSOR= Senor 3:01 2-22 3°30 
MeO... ents 0-43 1:19 0:32 
Na: Onn meee 8:80 737 6°86 
Ki O\saatecaseeecn-e 5:26 5:87 8-42 
Opie ee 0:34 “ 0:15 
i Os aepaepetacnsce 3°30 0:45 3°28 * 
Motaletens. 100°70 99°70 100°5] 


* This includes OO,, TiO,, ZrO,, SO,, Cl,, 8, MnO, and BaO. 


A = Hornblende-foyaite, Harbour Cone, Dunedin. Anal. D. B. Waters. 

B= Foyaite, Bratholmen (Southern Norway). Rosenbusch, ‘Elemente der 
Gesteinslehre’ 2nd ed. (1901) p. 129, No. 2. 

C = Foyaite, Diamond Jo Quarry, Magnet Cave. Journ. Geol. Chicago, 
vol. ix (1901) p. 645; anal. H. 8S. Washington. 


The close agreement of these analyses supports the classification 
of the rock as foyaite, which was based on the mineralogical com- 
position. The matter has been fully discussed by Mr. C. N. Boult, in 
a paper that is now being published by the New Zealand Institute. 


Several other varieties of nepheline-syenite are represented in 
the Port-Chalmers Breccia. They vary considerably, but as all the 
fragments are small—not more than 20 centimetres in diameter— 
it is inadvisable to attempt a classification of them, as none of them 
is necessarily typical of the rock-mass from which they are derived. 
In all cases they contain much felspar—always orthoclase—and its 
structure usually is completely allotriomorphic. Nepheline is 
present in some quantity, but is considerably decomposed. Itseldom 
shows any crystallographic boundaries. Aigirine is the most frequent 
dark constituent. Itis of a very bright green, with an extinction- 
angle of 15°. It is intensely pleochroic, and has the usual formula 
~—a deep green, b yellowish green, ¢ dirty yellow. One crystal is cut 
almost at right angles to an optic axis, and indicates a strong 
inclined dispersion of the bisectrices. In several slices a biotite is 
associated with the egirine. It is intensely pleochroic—bh and ¢ 
dark brown, a bright golden-yellow. No hornblende or other 
coloured constituent is present, except in one slice a core of brown 
augite closely surrounded by golden mica and egirine. Some of 
the mica-plates are crowded with apatite-inclusions, when the 
mineral closely resembles the crystal of pseudobrookite illustrated 
by Prof. Brogger,’ if it be cut nearly parallel to the base, and fails 
to show the pleochroism that is so noticeable in all other sections. 
This golden mica is not found in any of the volcanic rocks of the . 
district, although some of the phonolites must be their volcanic 
equivalents. The absence of amphibole and sodalite in these plutonic 


' «Die Eruptivgesteine des Kristianiagebietes : I—Die Gesteine der Grorudit- 
Tinguait-Serie’ Christiania, 1894, p. 44 & pl. ii, fig. 1. 
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fragments is striking, when considered in reference to the minera- 
logical composition of the phonolites. No chemical analysis of 
these rocks has been made, but a crystal of egirine was analysed 
with the following result :— 


A. 18}, 
Per cent. Per cent. 
BIO W asgeaeeats nse sasWosotinss 49:10 51°60 
AU OL a sareceaasgstess eeecr 1:46 1:92 
VCH Ge Gspeaceccen a amen 25°14 26°29 
IRE ORE ae ee toa 9:26 4:20 
(OLS Aw) caonAton) sano SnckOuee 2°95 4:25 
Mig OVS Seete a. eceanceses 0713 115 
INE (OL= sa Sean oceace tone 811 8°89 
RG O eee ceecaca ons tacos Ie) 1:05 


Motels Aen seesceeenes 97°94 99°35 


A = Inclusion in breccia, Port Chalmers (N.Z.); anal. P. Marshall. 

B= MMegirine in elexolite-syenite, Barreros, Serra dos Pogos de Caldas, Sao 
Paulo (Brazil); Rosenbusch, ‘Elemente der Gesteinsiehre’ 2nd ed. 
(1901) p. 125, No. 10. 


The result (A) which was obtained from the examination of a 
very small quantity of material, shows that the mineral is a typical 
eegirine. 


The foyaite has only been discovered in situ at the spot already 
mentioned, at the eastern base of Harbour Cone, near the shore of 
Hooper’s Inlet. It does not crop out at the surface, but was exposed 
near the bottom of a shaft sunk to prospect for gold-mining. The 
rock carries a certain amount of gold, varying from 2 to 14 dwt. per 
ton. The methods employed for saving the gold were not efficient 
enough to make the venture a paying one. 

This rock was classed by Ulrich as a 
‘trachyte-greenstone, though hardly distinguishable from the quartzose- 


diorite greenstone of some of the dykes which in Victoria traverse Upper 
Silurian rocks.’ + 

Prof. Park describes the rock as 

‘a hornblende-andesite, although it is probably more closely allied to 
porphyritic diorites, * 

The reasons for its classification as a foyaite have been given above. 
Although this rock has practically no outcrop, its lateral extension 
is probably considerable, for fragments of it are frequently met with 
in the Port-Chalmers Breccia. 

Other syenites are found rather frequently as fragments in the 
breccia. Some of these are described in the preceding notes on the 
petrography, and it will be seen that in them the amphibole is 
replaced by egirine, which is in some specimens present in large 
erystals. None of these nepheline-syenites with wgirine have been 
discovered in situ. 


1 Hutton & Ulrich, ‘Geology of Otago’ 1875, p. 167. 
2 N.Z. Geol. Surv. Reports, 1888-89, p. 35. 
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2. Augite-Diorite.—Macroscopically, the rock is of a fresh- 
looking light-grey type, penetrated by narrow bands of darker 
colour. ‘The bands are 1 centimetre thick and 7 cm. apart. 

In slices, the rock is found to consist almost entirely of triclinic 
felspar, the extinction-angle of which is that of andesine; the 
structure is panidiomorphic. Small grains of a very pale augite 
and crystals of magnetite are frequent. A violet-brown perofskite 
in crystals, sometimes measuring | millimetre in diameter, is also 
frequent. The occurrence of the titanium-mineral perofskite is 
particularly noticeable, because no sphene has been found in any 
rocks of the district, and the only other titaniferous mineral that 
occurs is cossyrite. 

The large rock-mass placed in this class occurs almost in the 
middle of the city of Dunedin, forming the Bell Hill. The diorite 
clearly underlies all the volcanic rocks near it, and in the road- 
cutting in Dowling Street it is seen that the diorite-surface 
was eroded, uneven, and much decomposed, before the overlying 
andesite flowed overit. The diorite is so much decomposed, indeed, 
as to resemble a sandstone in all those portions which are near its 
surface. The unaltered rock 1s exposed in the face of the Bell Hill 
where, prior to the accumulation of sand and to European coloni- 
zation with its consequent reclamation, marine erosion had removed 
allthe weathered portion. A very prominent spheroidal weathering 
is to be seen, and its dark horizontal bands seem to indicate that. 
the rock has yielded to pressure and become crushed along these 
planes. 

Except in the Bell Hill and its neighbourhood, this rock is 
nowhere exposed, and no fragments have been found in the breccia 
at Port Chalmers. 


3. Tinguaite.—Rocks that are classified under this division 
occur quite frequently. Among them are fifteen well-defined 
dykes of a compact lght-green rock, which differs but little from 
ordinary tinguaites. ‘here are others that are coarsely porphyritic, 
and one that is distinctly camptonitic in structure. 

In thin slices some examples (Hooper’s Inlet and Acheron Point) 
show crystals of dark-brown hornblende with the pleochroism of 
basaltic hornblende. It is always fringed with egirine. The 
needles of segirine vary in size, but are neverlarge. Felspar is almost 
entirely absent in crystals and microliths; .an exception is found 
in the rock at Acheron Point, in which small crystals of sanidine 
(twinned on the Carlsbad law) are not infrequent. Nepheline is 
occasionally present in rather corroded phenocrysts, but crystals 
are not distinguishable in the groundmass, which is quite isotropic 
between the egirine-needles. In two examples (Fish-Hatcheries 
and Hooper’s Inlet) a peculiar spherulitic structure appears in the 
groundmass. ‘The mineral of which the spherulite is composed is 
highly birefringent—as strongly as quartz—and quite transparent. 
With ordinary light tt is impossible to determine which part of a 
section is spherulitic. The spherulites between crossed niccls 
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show rather an irregular black cross, and the mineral of which they 
are composed is platy rather than fibrous in structure. I have 
been quite unable, with the means at my disposal, to identify 
the mineral or to satisfy myself as to whether it is original or 
secondary. 

Only one of these numerous tinguaites has been analysed (A). 
Petrographically it is the most compact of all. 


A. Bs = (oh 
Per cent. Per cent. Per cent. 
SIO pesasanemncscs 56°17 5446 52°40 
AU OF Seteacttace nice 19°25 19:96 19:93 
IROL OSes esscneanect 4°77 2°34 3°83 
JEUNO hole 2 Sere ass 2°72, 3°33 1°51 
Ca Op eeemenctnteccs 1:26 2°12 1°34 
IV Oieeracinseenacene 0-21 0-61 0°32 
INGA Oey aneen secncrr 6:08 8:68 isle 
KE ONT Sunnencieese 33 4-66 2°76 4:10 
PROFS casvasnrer ¢ 0721 ane trace 
FEN Ole see atices setneince 4:09 5:20 3°94 


Totals ...... 99°42 99°46 99:08 


A= Dyke, Acheron Point, Otago Harbour (N.Z.). Anal. P. Marshall. 

B=Tinguaite, Umptek, Kola. Rosenbusch, ‘ Elemente der Gesteinslehre ” 
2nd ed. (1901) p. 225, No. 12. 

C=Tinguaite, Mount Kosciuscko (N.8S.W.). Anal. F. B. Guthrie, Journ. & 
Proc. Roy. Soc. N.S.W. vol. xxxv (1901) p. 366. 


The analyses show the great similarity which the New Zealand 
rock bears to that from Russian Lapland, although it is less alkaline 
than that from New South Wales. The only other Australasian 
tinguaites of which I have heard occur at Cygnet Cove (Tasmania), 
but I am not aware that any analyses of these have been published. 
Their sections show a much greater development of felspar and, of 
course, much less isotropic matter. 

A porphyritic type occurs at Sea View. Large crystals of 
nepheline, 1 centimetre in diameter, are frequent, and felspar- 
crystals (sanidine) of the same size are common. In thin slices, 
both of these minerals are seen to be idiomorphic. Small crystals 
of idiomorphic egirine-augite are also present, and the ground- 
mass is composed of a very fine-grained mixture of xgirine-augite, 
sanidine, magnetite, and a little brown hornblende (cossyrite). In 
some slices olivine and brown augite may be seen, but they are in 
small quantity. There is every variation in this locality between 
the porphyritic type with conspicuous nepheline-crystals and an 
extremely-dense green rock without any phenocrysts, and showing 
the same incipient spherulitic structure as that described in the 
Purakanui phonolite on p. 402. 

Another porphyritic type forms a small dyke near Port Chalmers. 
The sanidine-crystals are here relatively smaller, and nepheline less 
frequent, but the groundmass is somewhat coarser. 

Large boulders of another type occur in the breccia near the 
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wharf at Port Chalmers. In these felspar-phenocrysts are very 
numerous, and are in part anorthoclase, A little olivine is present, 
and there is much nepheline in the groundmass as well as in 
phenocrysts. Small crystals of wgirine frequently occur in the 
groundmass, and cossyrite is much more abundant than in the 
rock from Sea View. This type with a nephelinitoid groundmass 
has not been found anywhere in situ, nor has any analysis of it 
been made. 

On the Peninsula there is a large intrusion of another, less strongly- 
porphyritic, type. The only phenocrysts are of nepheline, and they 
are comparatively small (2 mm.), but they are always idiomorphic. 
/Xgirine, nepheline, and sanidine are present in abundance in the 
groundmass. ‘The egirine is very green, and shows an extinction- 
angle of 20°. There is no cossyrite or magnetite. 

Still another comes from Papanui. ‘The large felspars and 
nepheline-crystals embedded in a dark-green groundmass give the 
rock an appearance intermediate between the specimens from the 
breccia and that from the Peninsula. | 

A rock that has been used for the breastwork of the road round 
Hooper’s Inlet is, in some respects, different from all of these. 
Felspar-phenocrysts are not infrequent, and felspar-microliths are 
the most important constituent of the groundmass. The nepheline 
is allin the groundmass and is not very abundant, but it is markedly 
less decomposed than the felspar. The coloured constituent is 
nearly all egirine. It occurs in groups of crystals with magnetite 
and analcite, and in the middle of these groups there is often some 
hornblende. Itis evident that the egirine, magnetite, and analcite 
have been derived from hornblende-crystals. (See Pl. XX XVIII, 
fig. 1.) The change must have taken place after magmatic movements 
had ceased, for no indication of flow-structure has been observed. 

A quantitative analysis yielded the following result :— 


SiO, \ Guana eee eee 5016 
SOL conn: 19°75 
Pia, ©,. 8 eee ee 428 
KeO a of (a\a’alnja¥atateva’e cleric) aiot\ oe) ) 62 
OPN O iiatre Nation srcisncaric unten 310 
MoO, ed. wameantesdern 112 
NiO ee 7:63 
KO" iS ee eee 6-73 
P05. Nae ee 013 
Od saa 3°96 

Total leet 100°48 


This rock, from its mineralogical composition, must be classed as 
a tinguaite, although its silica-percentage is solow. The change of 
the amphibole to the minerals named was more a matter of 
magmatic resorption than of decomposition. 

The last rock to be mentioned under this head occurs near the 
Purakanui railway-station. Phenocrysts of sanidine, nepheline 
and sodalite are very frequent, and the groundmass is a mixture 
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of sanidine, nepheline, sgirine, and cossyrite, the last-named 
being rather abundant. The geological occurrence of this rock, 
coupled with its mineralogical composition, proves that it is a 
slowly-cooled equivalent of the Mopanui nephelinitoid phonolite 
to be described later (p. 404). 


4, Camptonitic type of tinguaite (ulrichite).—tThis 
rock occurs at the end of the Portobello Peninsula. It was described 
by the late Prof. Ulrich as a porphyritic phonolite. The nepheline- 
phenocrysts measure sometimes 2 centimetres in diameter, and the 
felspars 4 cm. Both are idiomorphic, and the latter are usually 
sanidine, but some are anorthoclase; they are very frequent. 
Occasionally large crystals of brown hornblende occur, and smaller 
ones of analcite, olivine, and xgirine: the first is certainly original, 
for it is penetrated by microliths of felspar. The olivine is 
sometimes idiomorphic, and the egirine is always so. The ground- 
mass consists of sanidine, hornblende, and egirine. The extinction 
and pleochroism of the hornblende prove it to be barkevikite ; 
it is often fringed with egirine. 

Chemically, the rock is not very different from several others that 
have been called tinguaites, as the following analyses show :— 


U, We 
Per cent. Per cent. 

SiO eaaiaSrc ccna sseay te 53:64 53:28 
AMO Mesa stenciesiemes 18:2) 16°58 
IRE): | GeanegnnnaanGene 4°66 611 
Rie Opiate cessed 2-72 4-52 
Ca Omen t la. Ponce 3°70 3°09 
IME Oe actetelsaisiansteins 153: 2°50 
INO wusesnsecur eee fpyayl! 6°42 
UDO es. onacteostebnaase 5:86 4-18 
EMO cagnmpnncncabe 0712 0-15 
TE ORE cect as 3738 3°52 

Gta scise ce 99-73 100°15 


The two samples were taken from different parts of the same dyke. 
This seems to me a type widely different from a normal tinguaite ; 
and I propose for it the name ulrichite, after the original dis- 
coverer of the alkaline rocks of Dunedin. 


The dykes of tinguaite penetrate the rocks near Portobello and 
Port Chalmers in some number, and extend to the eastern coast 
between Sandfly Bay and Wickliffe Bay. 

The tinguaite-dykes vary from 6 inches to 15 feet in width, and 
they appear to radiate from a point near Port Chalmers. The mass 
near the Limekilns on the Peninsula and the coarse type at Sea 
View are much larger masses; but their exact boundaries cannot 
be defined, because of surface-vegetation. 


5. Hypabyssal trachydolerite.—The summit of Mount 
Flagstaff and part of its southern and western slopes consist of a 


1 Trans. Austral. Assoc. Adv, Sci. vol. iii, 1891 (Christchurch) p. 128. 
Q.J.G.8. No. 247. 2A 
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porphyritic rock that appears to be intrusive. Olivine, augite, 
and nepheline are present as in the effusive type, but are in rather 
larger crystals. There are many big crystals of felspar : anorthoclase 
and sanidine. Sodalite is occasionally present in crystals of mode- 
rate size. The groundmass contains a large number of felspar- 
microliths, much «girine, and some cossyrite and magnetite. 

At Pine Hill another type of this rock occurs. Olivine is less 
abundant, and there is but little brown augite, but nepheline and 
felspar are abundant as phenocrysts. There are numbers of com- 
pletely-resorbed crystals of hornblende, the form of which has not 
been lost. In the groundmass there is some dull-green egirine- 
augite, no cossyrite, and a very fine-grained development of felspar 
and nepheline. I have made no analysis of either of these rocks, 

There is no evidence of this trachydolerite overlying or being 
covered by any other of the rock-masses near it; and the sudden 
change from the coarse variety to the volcanic rocks around, suggests 
its intrusive nature. The summit of Flagstaff is one of the highest 
points of the whole district, and may well represent the volcanic 
pipe from which much volcanic material was emitted in the southern 
portion of the Dunedin volcanic area. At Pine Hill the rock-mass 
is much smaller, but it is as sharply separated from the surrounding 
rocks as 1s the occurrence at Mount Flagstaff. 


.. 6. Camptonite.—The rock here described is not a normal 
member of the group, although it shows closer affinities to it than to 
any other group of rocks. It is a light-grey rock, with large 
steam-cavities lined with analcite-crystals. In sections big pheno- 
crysts of oligoclase are seen. There are smaller crystals of horn- 
blende, and these are embedded in a groundmass of felspar, analcite, 
hornblende, and egirine ; (see Pl. XX XVIII, fig. 2 & Pl. XXXIX, 
fig. 1). The dyke is 15 feet wide, and juts out into Portobello Bay. 
The following quantitative analysis of the rock was obtained :— 


SiO, “cocsoesceeerereeeneceee. 51°48 
On! | ccustmassmameeneceee 16°37 
HesOn s secscereeceec veers Ovi 
EO Faction anne nen 464 
CaO eiere eee 3°60 
MgO. ssceceoeeeeece aces 1-81 
NajO: css .seseeuee eens 5°86 
KO + 3, sec ausn tree eee re 4:09 
POs vosadacsenesteaeereee se 0:21 
£O. ccs cee 5:82 
Totalaeescs 99°59 


This camptonite evidently is closely related to the ulrichite 
described above, but differs from it in the presence of triclinic felspar. 
in the greater abundance of hornblende, and in the absence of 
nepheline and olivine. 
=~ A rock rather similar to this, but not so fresh, occurs in a dyke 
at Port Chalmers. Much calcite is found in it ; there is also much 
less eegirine and more analcite. 
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The classification as camptonite is rather unsatisfactory, as the 
rock is more acid and contains more alkali than is usual. However, 
structure and mineralogical composition alike appear to justify this 
classification. 


7. Teschenite.—The rock described here occurs as a small 
dyke penetrating the Port-Chalmers Breccia at Mussel Bay. Hand- 
specimens are black and dense. The thin slices show a mixture of 
labradorite and augite, displaying (but not very conspicuously) the 
violet pleochroism usual in these rocks. There are a few serpentine- 
pseudomorphs after olivine. Analcite is rather frequent in large 
rounded grains, showing the typical cleavage, and is almost 
certainly primary. Round the analcite are some narrow prisms of 
hornblende and sanidine-microliths. These form small complexes 
exactly similar to portions of the camptonites described above. 
They seem to be xenoliths of camptonites that have been included 
in a basic magma, rather than original secretions from the magma. 


8. Trachyte.—This rock consists almost wholly of felspar. In 
hand-specimens it is white, and glassy crystals of sanidine almost 
rectangular in shape can often be distinguished in it. 

In thin slices no coloured constituent can be seen in specimens 
from most of the localities. Felspar-microliths exhibiting flow- 
structure, with a few felspar-phenocrysts, constitute the whole 
mass of the rock. In most cases the felspar does not show the 
microscopic structure of anorthoclase; it is therefore ascribed to 
sanidine. In some examples (Hooper’s Inlet) the rock has small 
grains of magnetite. In one example (Omihi) much of the felspar is 
anorthoclase, and there is some egirine-augite. The rock weathers 
readily, and is often stained red by infiltrated iron-salts. 

As would be expected from the mineralogical composition of this 
rock, analysis shows that a very small quantity of iron, calcium, 
and magnesium is present :— 


A. B. C. 
Per cent. Per cent. Per cent. 
SIO} ca. eneeneet 66:04 66°50 66°20 
WN. OF secyactiaseeee aes 0-70 fae 
IMO ceaosoo8: 18°38 16°25 19-86 
BegOe egeccacs 1:05 2°04 1:03 
LINGO a ater aa 0-19 Fa 
Vn Oca cores Ase 0:20 te 
(OPKOR peraxtoracn 0:96 0:85 0:80 
MEO cspanoocon: 0°69 0-18 O17 
ING KO) oeatacson 7:22 752 7:45 
TAO! Raepaoag=o8s 5°09 DIS 410 
EUR OWresnseeonocs 1:50 50 site 
pNGtalsuese 100°93 100-46 99°61 


A = Trachyte from Portobello, Dunedin (N.Z.). Anal. P. Marshall. 

B=Lestiwarite from Kyelle. ‘Die Eruptiygesteine des Kristianiagebietes 
III—Das Ganggefolge des Laurdalits’ Christiania, 1898, p. 235. 
Anal, W. OC. Brogger. 

C = Anorthoclase from Rakhalé. Anal. Forstner, quoted by Dana, ‘System of 


Mineralogy’ 6th ed. (1892) p. 324. 
2n 2 
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The remarkable similarity of analyses A & B shows that the rocks 
are almost identical. The lestiwarite, however, is a dyke-rock, 
whereas the trachyte is for the most part a lava-flow, although dykes 
that differ in no respect from the lava are found. It is interesting 
to compare these analyses with that of anorthoclase placed beside 
them. The yery great similarity is remarkable, and is perhaps suffi- 
cient in itself to justify us in regarding the Portobello trachyte as 
really an anorthoclase-rock. 

Trachyte is found over a considerable area around the Quarantine 
Islands. It is usually associated with scoriaceous formations, and 
often shows a conspicuous flow-structure: therefore, it was un- 
doubtedly a lava in most of its occurrences. At times it is 
porphyritic, with large crystals of anorthoclase embedded in the fine 
white base; more usually it is fine-grained. The large crystals can 
be detached from the decomposed base in places. They are bounded 
by planes inclined almost at right angles, but they have not yet 
been accurately measured with a reflecting-goniometer. At two 
places on the Portobello Peninsula this trachyte forms dykes that 
penetrate the coarse Mount-Charles Dolerite which forms the main 
mass of the peninsula. The contrast between the white and the 
black rocks is very striking. The trachyte is pierced by tinguaite- 
and camptonite-dykes at Portobello, as well as by basaltic dykes 
at Portobello and Omihi, and no dykes of trachyte have been 
observed traversing any rocks except the Mount-Charles Dolerite. 
The trachyte-lavas underlie basalts, trachytoid phonolites, and all 
the other lavas described, except the Mount-Charles Dolerite. The 
trachyte was, therefore, evidently emitted after the dolerite in 
question, and before any of the other lavas of the district. 


9. Kaiwekite.—Hand-specimens are of a dull-green colour, and 
show numerous bright cleavage-planes of large felspar-crystals, 
which have the same dark coloration as that which is so noticeable 
in the Norwegian rhomb-porphyries. Slices show that the pheno- 
crysts are composed of anorthoclase (see Pl. XX XIX, fig. 2), and 
contain numerous inclusions of glass, egirine-augite, and other sub- 
stances. Smaller crystals of egirine-augite are frequent, and there 
are occasional serpentine-pseudomorphs after olivine. Many of 
the smaller felspar-crystals are almost perfect squares, and they are 
embedded in a groundmass of felspar-laths and grains of sgirine- 
augite. Ihave been unable to distinguish nepheline in the slices or 
by staining methods, although treatment of the rock-powder with 
acid and subsequent evaporation produce numerous crystals of 
sodium-chloride. 

In some examples of this rock (Long Beach and Wickliffe Bay) 
there is much’ triclinic felspar (oligoclase), but it is always bordered 
by untwinned mineral. In the same examples, irregular grains of 
pale-brown augite are common; they always have a margin of 
eegirine-augite, containing many grains of magnetite. The egirine- 
augite fills up the irregularities of the crystal, and gives it a sharp 
idiomorphic outline. Brown hornblende is occasionally present 
(Long Beach), of tenin large crystals, 5 centimetres long. 
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This rock was at first classed as a rhomb-porphyry, but speci- 
mens sent to Prof. Rosenbusch and kindly examined by him, led him 
to inform me that it would be unwise to use this name in the 
absence of the characteristic rhomboidal shape of the felspar- 
phenocrysts. However, he agrees that the rock is a perfect 
mineralogical equivalent of these rocks, and is the effusive represen- 
tative of the plutonic laurvigites. I have not made any chemical 
examination of the rocks of this class, but suggest the name of 
kaiwekite, after the native name of the Long-Beach locality, 
Kaiweke. 

Perhaps the most prominent characteristics of the kaiwekites, 
variable as they are in appearance, are as follows:—(1) The 
abundance of anorthoclase and various felspathic intergrowths ; 
(2) the very frequent square and isometric sections of felspars in 
the groundmass (see Pl. XXXIX, fig. 2); (3) the comparative 
absence of coloured rock-forming minerals; and (4) the frequent 
occurrence of pyroxene, with a brown centre and an egirine-margin, 
and of serpentine-pseudomorphs after olivine. 

In the accompanying geological map (Pl. XXXVI) the kaiwekites 
are not specially indicated. They are omitted, because they usually 
occur as boulders in localities where there are no means of gaining 
any knowledge as to the relations of the kaiwekite to neighbouring 
rock-masses. In general it would appear to be intrusive, but at 
Long Beach it forms a great lava-flow constituting a prominent cliff 
on the west side of the Bay; and at Wickliffe Bay there is another 
lava-flow forming a similar cliff on the north side of the Bay. 


10. Trachytoid phonolites.—The variety of these rocks is 
very great. They all have an extremely-dense texture and a dark- 
green colour. In many, no phenocrysts whatever can be distin- 
guished. I have found it advisable to divide them into four types. 

(A) Logan’s-Point type.—Extremely dense. The rock is a 
dense web of felspar-microliths, and in the meshes are nepheline- 
crystals, egirine, and cossyrite. The nepheline is hard to distinguish 
without staining, but after staining it is seen to be a highly-important 
constituent. It is idiomorphic, while the egirine and cossyrite are 
allotriomorphic. The last-named is extremely pleochroic, though in 
greenish-brown tints. It has a remarkable spongy texture, but all 
the portions of one of the spongy growths, though often separated 
by felspar-crystals or nepheline, have a uniform extinction. 

(B) St. Leonard’s type.—Phenocrysts of brown hornblende 
are common, as also occasional phenocrysts of felspar (anorthoclase 
and oligoclase). The groundmass is a dense growth of felspar- 
microliths and small grains of egirine-augite. It is hard to detect 
nepheline; but, after staining, this mineral is found to occupy much 
of the space between the felspars and the egirine-augite grains. The 
nepheline is allotriomorphic. There is no cossyrite in this rock. 

(C) Andesitic type—Very dense. Felspar-microliths show 
marked flow-structure, but do not constitute a web-like mass as in 
type A. There are a few phenocrysts of oligoclase. The eegirine- 
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augite is very pale. Nepheline cannot be distinguished, but when 
it is treated with dilute hydrochloric acid a large portion at once 
dissolves, and it contains a considerable percentage of alkali, as 
stated below. The evaporated solution deposits a great number of 
erystals of sodium-chloride. Staining does not take place readily, 
but with careful treatment a large portion of the groundmass 
becomes coloured. Its arrangement shows that the nepheline is 
allotriomorphic, and is in very small grains. 

(D) Green phonolite.—Small crystals of brown augite, fringed 
with a bright-green border of egirine. Smaller crystals of sodalite, 
sharply idiomorphic. Minute microliths of felspar, with sgirine- 
granules, in the groundmass. Sometimes the felspar shows a feeble 
spherulitic structure. There is some transparent glassy base, which 
probably is strongly alkaline. Evidently this rock is closely related 
to the Mopanui type of nephelinitoid phonolite. It occurs in a 
neighbouring locality. There is no cossyrite present, but there are 
occasionally crystals of nepheline. This rock is in all respects (except 
for the presence of sodalite) exactly similar to the green rock that I 
consider to be a marginal, rapidly-cooled portion of the alkaline 
intrusion at Sea View. 


A. B. C. D. 19, F. 
Per cent. Percent. Per cent. Per cent. Per cent. Per cent. 
SKS), caspons 60:00 57°42 57:00 55°66 54:52 53°56 
ENON cacaoe 16:26 18°88 18°56 17:18 15°84 15:28 
Hes OF eens 572 4:89 4:58 4:43 6:42 7°36 
ReOmeees: 3°52 3°56 2:76 3°56 4:53 5:42 
(ORUG) Aas 3°30 175 1:05 1:14 4:20 4°30 
MoO 1:05 0:59 0-41 0-73 0:98 1:29 
IN ais OF aac 4:08 6:23 6°34 7:02 4°38 Dro 
KE Ores 4:17 546 6:13 5°30 4:23 4°88 
1s IKO) Grnaes 2°64 2°36 2°96 4:53 3°64 312 


Totals 100-74 101-09 99:79 99-55 98°74 100-72 


A=Trachytoid phonolite, Au Koraki. | 
B=Trachytoid phonolite, Signal Hill. | 
C="Trachytoid phonolite, Logan’s Point. | 
D=Green phonolite, Purakanul. f 
H=Trachytoid phonolite, See House. | 
F=Trachytoid phonolite, See House. _) 


Dunedin (N.Z.), Anal. 
P. Marshall. 


Chemically there is a moderately-close relationship between all these 
rocks, although those with easily-detected nepheline are markedly 
more alkaline than the others. The high percentage of iron-oxides 
is characteristic of the whole group, as developed in Dunedin. The 
rock from Au Koraki(A) contains very little nepheline, but a large 
quantity of felspar, much of which is distinctly anorthoclase. This 
rock appears to be a connecting-link between the trachytoid 
phonolites and the trachytes. The green glassy type (D) is evidently 
closely related to the nephelinitoid type from Mopanui. This rock 
has some chlorine, but the amount was not estimated. The lava- 
flows at the See House (E and F) are different in texture, but they 
represent a very common type (andesitic) in this district. They 
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evidently connect this group with the andesites. An estimation was 
made of the amount of material dissolved from these rocks, when 
the fine powder was just brought to the boiling-point in dilute 
hydrochloric acid. Altogether 29-98 per cent. of the rock went 
into solution. An estimation of the substances in solution gave 
the following result :— 


SiO. Beaune escao ernie 15°31 
EAU OSS Bemecton qetenco=sanoee 5:21 
OE Oh coaconsacnn icdeaanhe 3°54 
(OL On Rc Ore Ron asacmeren ae 1:24 
INO ASE Mae onerier ena ane 1:53 
KE Ore eapy sas cioas oecenteeee 0:51 
EIR OF eee conocer eerescces 2°64 


The silica was chiefly in a gelatinous condition, and had to be 
dissolved in potassium-hydrate before estimation. This result 
shows that there is an alkaline silicate present that is decomposed 
by dilute acid. It is reasonable to suppose that this silicateZis 
nepheline—a result that is borne out by staining. 


There is a very large variety of these rocks in this petrological 
province. They crown the tops of many of the hills, and occur 
as interbedded sheets in several of the cliff-exposures. 

With the exception of the green phonolite, the boundaries of 
the different types are not distinguished in the geological map 
(Pl. XXXVI) attached to this paper; but the following statement 
gives an idea of their relative position and abundance. 


(A) Signal-Hill type.—Forms the main mass of Signal Hill 
and one of the small peaks of Mount Cargill. A continuation of 
the Signal-Hill outflow occurs on the south-eastern side of Otago 
Harbour, where it rests upon a dolerite. At Otago North Head a 
lava-flow rests on basalt, but is overlain by basanite and other 
basalts. The Signal-Hill rock rests upon basalt at the cemetery, 
and is overlain by basalt on the Junction Road and at the summit 
of the hill. 

The emission of this lava was preceded by basalts which rest, to 
a depth of 100 feet, upon trachyte at North Otago Head. 

Prof. T. W. Edgeworth David, F.R.S., in conversation has com- 
pared this rock with the phonolite of the Warrumbungle Mountains 


(New South Wales). 


(B) St. Leonard’s type.—No lava-fiow of this has been dis- 
covered, except at the North Otago Head. Boulders of the rock 
are found in breccias, especially at Port Chalmers, and at North 
and South Otago Heads. 


(C) Andesitic type.—By far the most general, forming the 
greater part of the northern portion of the high land of Otago 
Peninsula, the greater part of Roslyn and Maori Hill, and extending 
from the Junction Road on Mount Cargill with little interruption 
to North Otago Head. 
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The rock rests upon andesite at the Paper-Mills, and is covered 
by basalt. In most localities there is no basalt-covering, and this 
phonolite seems to be the latest lava emitted over the greater part 
of the district. 


(D) Green phonolite—In hand-specimens this rock has all the 
appearance of a tinguaite, but it forms a massive lava-flow 300 feet 
thick, extending from Blueskin Cliff almost to the summit of Mopanul. 
No section has yet been found that indicates the relation of this 
rock to others above or below it, although its field-oceurrence shows 
that it is one of the latest products of eruption; and this conclusion 
is supported by its apparent relationship to the trachydolerite, which 
is itself one of the youngest of the rocks of this district. 


11. Nephelinitoid phonolites.—From a large quarry at 
Normanby comes a type that contains a good deal of felspar, 
although its amount is less than that of the nepheline. The 
rock is fine-grained, and in addition to these minerals contains 
only egirine and a little magnetite. Coarser examples of a 
similar rock occur at Signal Hill and elsewhere. One of the 
most interesting rocks of the district occurs at the top of 
Mopanui. In it very fine-grained nepheline is the most abundant 
mineral, and with this are occasionally seen minute laths of felspar, 
apparently sanidine. Crystals of sodalite are not uncommon ; 
they are often extended in the direction of a dodecahedral axis. 
The coloured constituents are egirine and cossyrite, in about equal 
proportions. The cossyrite is in small spongy growths, enclosing 
crystals of nepheline in its meshes: its pleochroism is from pale 
pink to reddish brown, and its arrangement is very similar to that 
in the rock from Kamnye River so well figured by Dr. Prior.’ 
Prof. Rosenbusch was good enough to examine a slice sent to him, 
and he compares the cossyrite to the development of that mineral 
in the rock known as apachite. A few bigger crystals of brown 
augite fringed with egirine are seen, and very rarely a small 
olivine fringed in the same way. 

One of the peaks forming the summit of Mount Cargill is built up 
of a rock that does not differ very widely from that of Mopanui. 
There is less cossyrite, more sodalite, and less brown augite, but the 
fine-grained nephelinitoid base is very similar in the two rocks. 

Chemically, the Mopanui rock—the only one analysed—is 
characterized by a high percentage of iron. The chlorine was not 
estimated, although qualitative tests showed that a considerable 
amount was present. The analysis agrees rather well with the 
other one quoted from Equatorial East Africa. Mineralogically, the 
latter rock appears to contain much more felspar, and nepheline is: 
present in small crystals but not in the groundmass. I am unable 
to make a comparison with those African types which have nepheline 
im the groundmass, as there is no analysis in the literature at my 
disposal, 

* Min. Mag. vol. xiii (1908) pl. v, fig. 4. 
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A. 18}, 
Per cent. Per cent. 

SHO)" — GAcohescestasbongs 56°40 58°37 
TAIN OF. a Saedechenacueedae 15°84 16°65 
Hen OM tanga ence artes 6-48 4:09 
JHGW) A meeee ee A aes 3°54 3°03 
IRON Groene eeasudee 0-21 0:37 
(BLK OTE REE eer eam is 1:66 
IN BEO) Mines. aeattoneeaes 5°80 7:28 
KE Ota cesses ones 578 5:46 
PO). Wi srasee tesa a 0:18 0:08 
tRIOY 1 Deeb antanhHeennanes 3°96 2°36 

MO tails eine ae 99°66 99°35 


A=Nephelinitoid phonolite, Mopanui, Dunedin (NZ). Anal. P. Marshall. 
B=Phonolite, Mount Kenya. G.I. Prior, Min. Mag. vol. xiii (1903) p. 240. 


Except at Mopanui and Normanby, the nephelinitoid phonolites 
do not form large rock-masses. In all the localities in which they 
occur, it is difficult to distinguish the boundaries of the area covered 
by the rock, because of the growth of vegetation and the depth of 
soil that covers the ground around the outcrop. 


12. Leucitophyre.—I have found a specimen of this type 
in one locality only, Puketeraki. It is a dark-green dense rock, 
showing on its fractured surface a slight shimmer, due to the 
large quantity of minute felspars. In slices the felspar is very 
abundant; the larger crystals are anorthoclase. The nepheline 
isin small quantity. Leucite occurs in the finer-grained types 
only. The crystals are almost round, and have concentrically- 
arranged, minute, needle-shaped microliths of egirine. The 
leucites are not sensibly birefringent. The coloured constituent 
is a pale-green wgirine-augite, with much magnetite. The minute 
felspar-laths have an arrangement not very different from their web- 
like arrangement in the trachytoid phonolite of the Logan’s-Point 
type (see p. 401). 


A. B. 
Per cent, Per cent. 

SIO Fw resee tere mete eee 52°88 48:95 
iN O eteecseoe awese ss 14-44 18:43 
LGHOS -Seeepesnce say: 6-72 on 
WN GO Ma encg. es sacnacin: 4:56 8:19 
ENO r <Gogendn tee araenr 3°80 6:42 
OVE So ORR te Uld ves aaitees 1-68 1:43 
INO) Sahuaneosananseuce 478 651 
UGMO  aebBpeenanosaseane 7-09 6:90 
PEO Rae Ca a aecencesy O11 See 
OM ech serscseseets 4:00 ero) 

MING GANS 0/22, acs bce 100-06 98°62 


A=Leucitophyre, Puketeraki, Dunedin (N.Z.). Anal. P. Marshall. 
B=Leucitophyre (nosean-melanite rock), Perlenkopf, Olbriick. Rosenbusch, 

‘Blemente der Gesteinslehre’ 2nd ed. (1901) p. 292, No. 15, 
Chemically, the silica-percentage is low and the iron-percentage 
high—a feature that recurs frequently in the Dunedin rocks. The 


406 PROF. P, MARSHALL ON THE [Aug. 1906, 


amount of alumina is correspondingly reduced. This must be 
due to the considerable quantity of magnetite that is present. The 
high percentage of' lime in B is accounted for by the presence of 
melanite and nosean. 

A plutonic inclusion occurs in several places in this leucitophyre 
(A). Slices show that it is composed almost solely of a glassy felspar 
(apparently orthoclase) and egirine, the latter in small quantity. 
No nepheline or leucite were found in any of the slices. 

The leucitophyre occurs only at Puketeraki, so far as known at 
present. In hand-specimens it differs but little from the ordinary 
trachytoid phonolites, and the leucite is but poorly developed. 
From surface-indications, the rock would appear to cover a con- 
siderable area near Seacliff, but this inference has not yet been 
confirmed by microscopical or chemical work. 

The rock rests upon a melilite-basalt, which in turn overlies 
calcareous sandstone. The trachytoid phonolite forms the upper- 
most rock-formation of this part of the district. 


13. Trachydolerites.—Dense dark-green or black rocks, in 
which crystals of olivine and nepheline can be distinguished. 
T have given a full description of these rocks elsewhere. In slices, 
olivine and brown augite are seen to occur in small grains, singly 
or in groups. In all cases they are surrounded by a mantle 
of egirine and magnetite. Crystals of sodalite sometimes 
5 millimetres long, but usually much smaller, are often present. 
Resorbed crystals of amphibole are often numerous (Mount Cargill) 
and sometimes a brown unchanged core remains. The ground- 
mass has egirine and cossyrite as coloured constituents. The 
latter always has a ‘spongy’ structure. Its pleochroism is intense, 
from pale greenish-brown to dark coffee-brown ; but the absence of 
crystallographic outlines interferes with a determination of the 
pleochroic values of the different crystallographic directions. Some- 
times there is a trachytoid, sometimes—though rarely—a nepheli- 
nitoid (southern slopes of Flagstaff) structure in the groundmass, 
which consists of varying proportions of these constituents. A little 
apatite is present. The rock varies but slightly throughout the 
10 square miles of its extent. 

An included fragment of a plutonic rock, found on the southern 
slopes of Flagstaff, was given to me by Mr. T. Menzies. It consists 
of sodalite, felspar (orthoclase), nepheline, a little cossyrite, and 
magnetite. The rock is hypidiomorphic. The pleochroism of the 
cossyrite is a hght-green, b black, ¢ dark-brown. Extinction-angle 
on 010, 48°. There is no olivine or brown augite. 

I have previously given an account of the chemical relationship 
of this rock in the ‘ Transactions’ of the Australasian Association 
for the Advancement of Science, vol. x, 1904 (Dunedin) p. 186. 
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The analysis is repeated here (C) :— 


A. B. C 

SCOR cscmopanncuce 53:12 53°80 51:86 
MOGs Soyer nenosond 0°25 0°31 = 
AIS ORF seeeties nets 20°48 18°46 19°87 
IO paonctscood 513 6:22 6°30 
BeO irae: 1:50 0-40 oll 
ORXO) pancascotece 4:29 2°53 377 
Mii O ees sees 1:88 1:05 2°33 
INGSOM ches eses 6:20 7:09 4°88 
pO mjaneoseanest 4°88 5-46 6:20 
HO Fcciescnce 2°25 4:39 1:48 
(Oe soto nace SOP 0:28 MnO 0°33 Ch O51 
PAO RB ocsenieaun 0:43 0°53 0°36 
Totals...... 100°69 100-57 100°67 


A = Trachydolerite (tepbritic trachyte), Columbretes (Spain). Rosenbusch, 
‘Elemente der Gesteinslehre’ 2nd ed. (1901) p. 355, No. 3a. 

B = Kenyte, from Mount Héhnel (Mount Kenya). G.T. Prior, Min. Mag. 
vol. xiii (1903) p. 247. 

© = Leith Valley, Dunedin (N.Z.). Anal. P. Marshall. 


The Dunedin rock differs but little in composition from the others 
quoted, although the higher percentage of potash is noticeable. 
Chemically the rock is more nearly related to the phonolites than 
to the basalts, and this is emphasized by a consideration of its 
mineralogical composition. No analysis was made of any of the 
specimens that show marked trachytoid or marked nephelinitoid 
structures. 

The extent of the trachydolerite was fairly definitely outlined in 
my paper quoted above. The main area is found on the south side 
of Flagstaff, and on the south and west side of Pine Hill and Mount 
Cargill. Petrographically, the rock is closely related to the green 
phonolite of Mopanui and Blueskin, and in places where it has 
cooled very rapidly the same green colour is conspicuous. In no 
place has this rock been found interbedded with other lavas. In 
every one of its known occurrences it covers the surface, and no 
pebbles of it have been found in breccias or conglomerates. On 
the eastern side of Flagstaff the rock is certainly found near the 
base and half way up the slopes. It is, however, not likely that 
this position is due to a subsequent outpouring and covering by 
the rocks nearer to the summit of the hill, for no traces of the 
trachydolerite are to be found on the western side. 

This occurrence is best explained by the supposition that the 
trachydolerite flowed downwards from Mount Cargill into a 
previously-eroded valley, wherefore some of it occupies a lower level 
than the previously-emitted and eroded lavas. This explanation 
is rendered more probable, when the fact is stated that the 
trachydolerite is in part at a lower level than the calcareous 
sandstone on the eastern flanks of Flagstaff, where it is exposed in 


Morrison’s Creek. 
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14. Andesite.—There is a group of rocks, forming in places 
large and important lava-flows, which in their mineralogical com- 
position occupy an intermediate position between the basalts 
and the trachytoid phonolites. The most typical of them 
occurs in the lower portion of the Leith Valley. It is a coarse- 
grained rock, with conspicuous phenocrysts of felspar, and 
occasionally of hornblende as well. In slices, the felspar is not 
much twinned, but has the extinction-angle of andesine. The 
hornblendes have a wide resorption-border; there are smaller 
crystals of brown augite, and some occasional pseudomorphs after 
olivine. The groundmass consists of felspar-microliths, augite, and 
magnetite. The rock is, therefore, considered to be a basic type of 
augite-andesite. 

Inclusions of a plutonic nature are not uncommon in this rock. 
They are always a coarse diorite, consisting of andesine and brown 
hornblende in about equal quantity; there is also some pale 
brownish-green augite, large crystals of apatite, and a little 
magnetite. The apatites are rather peculiar, for they are in the 
form of short prisms, contain a great number of gaseous inclusions, 
and have a faint violet tinge. Apatite with the same character is 
found rather frequently in the andesite, and less frequently in other 
rock of the district. 

Chemically, the andesite is rather poor in silica but relatively 
high in alkalies, showing in these respects a relationship to the 
trachytoid phonolites that are so abundant in this district. 


NG B. 
Per cent. Per cent. 

iS) O Femme chenenceonennccse 51°86 51:46 
NOs. deadiansectsacess nas 0:32 
AMOR aceasta salees 15:98 20°26 
HG,0 4c us gue 7-64 4-64 
HeOs Aanmoneh eee ne 510 3°56 
Mi Oca aante ceases he 0°32 
CaO a ean 6°50 95d 
MeO) 2 A occeenceee 1°84 3:16 
INa,O9 i cuckiane seamen 4:96 4:29 
KO cagatneneaueceees 3:97 2:47 
POL Taswetceaeneceaueee 0°42 0°57 
Ove osereatectioceates 3°60 0°34 

otals awe 100°67 100°94 


A=Andesite, Paper-Mills, Leith Valley, Dunedin (N.Z.). Anal. P. Marshall, 
B=Hornblende-andesite with augite, Bogosloff I. (Alaska). Rosenbusch, 
‘Elemente der Gesteinslehre’ 2nd ed. (1901) p. 307, No. 168. 


_ The amount of iron is high and alumina correspondingly low, as 
in most of these rocks. The substantial agreement in the analyses 
justifies the classification of the rock with the augite-andesites. 


An amphibole from the andesite was also analysed, with the 
following result (A) :— 
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A. 13Y 
Per cent. Per cent. 

lOc a esai cece savemoue 42°36 39-29 
IN Oral ainneseecec omer oa 4:86 
PURO LS Aeeaeeen shacc as 17:66 16°57 
INOS OR a isciisaaasansesects 10°72 9718 
XO © he fadaasanantiede 6°51 3°19 
AOU cinarsiaceeeentas 10°10 12:90 
Mi Oe Fa eiectncest stones 10°46 10°40 

lo tails meaevesneeres 97°81 96°39 


A=Hornblende from andesite, Dunedin (N.Z.). TiO, not determined. 
B=Hornblende from andesite, Wolkenburg (Siebengebirge). Rosenbusch, 
‘Elemente der Gesteinslehre ’ 2nd ed. (1901) p. 303, No. 4. 

The alkalies were not estimated in either case. The comparison 
shows that the amphibole is of an ordinary type, and must be 
included among the pargasites; see Dana, ‘System of Mineralogy’ 
6th ed. (1892) p. 396. 

The principal occurrence is at the Paper-Mills and Golf-Links, and 
on the summit of Roslyn. The rock occurs below the trachytoid 
phonolites at the See House, and above the Papanui dolerite that is 
exposed there. The andesite forms a lava-flow about 100 feet thick. 

Mineralogically, it lies between a hornblende-basalt and a 
trachytoid phonolite. 


15. Nepheline-basanites.—The most prominent phenocrysts 
in these are of nepheline, but olivine can generally be distinguished 
aswell. Slices show that the nepheline is rounded, and fringed with 
a border of minute felspar-prisms. The olivine is rounded in the 
larger grains, but the smaller are sometimes idiomorphic. The rock 
is completely crystalline, the finer portions being composed of an 
intimate mixture of felspar,-augite, and olivine. Many of the 
augites have a core of wgirine, with a mantle of brown augite. 
The felspar is labradorite. At first sight, one is inclined to regard 
the nephelines as xenocrysts; but their very regular occurrence 
throughout the rock, as well as the presence of some egirine, compels 
the opinion that they form an essential constituent. An analysis 
showed that the rock does not differ very widely from other 
basanites :— 


A. B. 
Per cent. Per cent. 

SIO Boss cssaenweses 49°39 48°41 
ROR eg fess eatiguk 14:86 16°24 
ORO tantescsaaeaees 7°35 4:89 
UO) scat coucbocoecnoe 5°42 6-41 
(OLKO) oeaamamnaenenrs 7:08 9°58 
Mig OW er cceaeecsces 5°62 7:25 
INGO et scm seeoecesc 4-71 owe 
BOO). cone aoadeeeoenue 2°54 Zoo 
1G). Seosncnbeeosen 0°20 — 
15 (0). nopeeoogeeaece 252 211 

MOtaIS caecsns 2 99°69 100°25 


A = Basanite, Otago (N.Z.). Anal. P. Marshall. 
B = Basanite, Hesse. U.S. Geol. Surv. Prof. Paper No. 14, 1908, pp. 322-23. 
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The large number of rounded grains in the basanites at once 
distinguishes hand-specimens of the rock from those of other basic 
rocks of a similar black colour. On the other hand, the phonolitic 
rocks that contain large crystals of nepheline have a dark-green tint. 

There is no large area covered with outcrops of the rock. It is 
confined to the eastern slopes of Flagstaff, the slopes of Mihiwaka, 
and to North Otago Head. In the first-named locality it underlies 
a Papanui type of dolerite, which is covered by a basalt, and finally 
by a trachytoid phonolite. Much the same arrangement is found 
at the North Head and on the northern slopes of Mihiwaka. At 
Waikouaiti, boulders of the rock occur in a conglomerate that is 
covered by a basaltic lava-flow. 


16. Dolerites.—The word dolerite is here used as a term 
covering all the types of coarse basic rocks, irrespective of age, if 
they are of effusive character. 

The Mount-Charles type contains large conspicuous phenocrysts 
of olivine, augite, and felspar. In slices, the big olivines are found 
to be rounded and in parts serpentinized. The augites have a 
pale-green core (diopside), but a brown margin. ‘The core is 
usually of irregular shape, but the mantle corrects the irregularities, 
and gives a completely-idiomorphic form to the crystals. The 
felspars are but little twinned; the extinction-angle, however, is 
high, and shows that the mineral is labradorite. The groundmass 
is crystalline, and consists of felspar, augite, and magnetite. 

The Papanui type is an even-grained rock, except that the 
olivines are rather larger than the other constituents. In slices, 
the rock is quite coarsely crystalline, and often shows an ophitic 
structure. The augite was the last constituent to crystallize, and 
is markedly allotriomorphic. The felspar is in highly-twinned 
elongated crystals: the species is labradorite or bytownite. There 
is much magnetite present. The rock is always coarse-grained and 
distinct, but in one example (Harbour Cone) the place of some of 
the augite is taken by a brownish glass, with branched growths of 
magnetite. This example should properly be called a basalt; but 
it is so closely allied to this dolerite, and so different from the 
ordinary basalts of the region, that I have always considered it as 
a member ot this group. 

Two specimens of the Papanui type of dolerite, collected from 
widely-different localities, were analysed; and one specimen of the 
Mount-Charles type was taken for comparison :— 


A. B. C. 
Per cent. Per cent, Per cent. 

SiOg saat 45°39 44-84 48°40 
Al Op icsacensectcsier 9°61 11:92 13:05 
DRG O)e  eirtidoscbocce 9:27 9°12 9:02 
R=) OS yd sb acen 8-48 8:54 Woo 
CaQi ease. eae 9:25 9:23 8:30 
Mie Oesteee ne 10°69 10°34 7-26 
Na OM eceecenrtee 3:14 1:43 3°50 
UO msceertp ndiacone 0°55 0:68 0°57 
HO es ncn 2:81 3°04 2°84 

Motalsseercece 99:19 99:14 100-27 


A & B=Papanui Dolerite ; C=Mount-Charles Dolerite. 
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They are evidently both rather basic types of rock; but there 
does not appear to be any indication in the analyses of the cause 
that has made them, during their solidification, assume states of 
crystallization so very different. 

In one outcrop on the shore of Papanui Inlet, large fragments of 
quartz are contained in abundance in the Papanui Dolerite. They 
are of all sizes, up to 6 centimetres in diameter. Their structure 
shows that they are derived from schist that has been broken off 
during the ascent of magma through it. Im slices, the margin of 
the quartz is seen to have a dense felt of augite-crystals, with their 
longer axes at right angles to the margin, 


(A) The Mount-Charles type forms extremely-large lava- 
flows at the centre and east of Otago Peninsula. One of these 
is well-exposed at the Natural Bridge, Sandy Mount, where it is 
300 feet thick and has a well-marked, coarse, columnar structure. 
Almost the whole of the Mount-Charles Peninsula is composed of it. 
Except for two small patches at Whare Flat and Blanket Bay, it 
has not been found to the north or west of Otago Harbour. At 
the Natural Bridge, it rests upon a thick breccia of basic rock. 
Near Portobello, it is much invaded by trachyte. A dyke of it 
penetrates a basic breccia at the southern head of Hooper’s Inlet. 
At the north side of Hooper’s Inlet there is apparently an intrusion 
of trachyte into it, and a dolerite of the Papanui type either 
intrudes into it or underlies it. 

It appears, therefore, that this rock is one of the oldest of the 
whole series; for it is, in the Portobello area, older than the 
trachyte, itself the lowest of the rocks in this area, which is the 
centre of the whole volcanic district. 


(B) The Papanui type is the most widespread of all the rocks 
of the area. At Sea View, it les directly upon the calcareous 
sandstone. By Otago Harbour, opposite Logan’s Point, it occurs 
below the trachytoid phonolite. At the See House, it is below 
the andesite and the trachytoid phonolite. It appears to have been 
the product of one of the older eruptions, and apparently ceased 
before the emission of any trachytoid phonolite, 

This rock—or at any rate a type indistinguishable from it by 
microscopic methods—oceurs over a wide area in Otago; for it is 
found at Waifiata in Central Otago and at Puketapu near Palmerston 
North, and a very similar rock occurs at Banks Peninsula. The 
specimens obtained at Papanui Inlet are coarser than any that are 
found elsewhere. 


17. Basalt.—There is a great variety of basalts in the Dunedin 
area. ‘They vary from comparatively-acid types, to others that are 
almost limburgites. 

At High Cliff, a basalt occurs, with very little olivine and a fine- 
grained groundmass of pale augite and felspar-microliths, giving 
to the rock a pilotaxitic structure. At Sea View, the olivine-grains 
are very large and conspicuous, the augites of moderate size, and 
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the groundmass very fine. At Papanui Inlet, and at a few other 
localities, hornblende-basalts occur, showing the ordinary dark- 
brown hornblendes with a resorption-border. 

Occasionally, types are found in which a small quantity of brown 
glass remains ; and at Sandy Mount there are fragments in a scoria- 
bed that consist almost solely of a brown glass, in which are 
dispersed some felspar-microliths and magnetite-grains. 

In the upper part of the Leith Valley occurs a very basic type. 
It contains large inclusions of olivine, which in section show some 
picotite and diopside. Smaller olivines are numerous. There is no 
felspar ; but granular augite and magnetite constitute the remainder 
of the rock, 

In nearly all instances, the olivine of the basalts is more or less 
decomposed. Usually the change has resulted in a mere staining 
with limonite ; but in many cases there is a more or less complete 
change to serpentine. 

There is no striking chemical peculiarity in the basalts, so far as 
they have been examined, except that the percentage of alumina is 
rather high. A quantitative analysis of an ordinary example has 
been made, with the following result :— 


SIO Geesedautecsesseetee 45°28 
ATS ORT teandcesanits merece 19-01 
He, Ol Ry aaa dtanseacscteen 8°52 
REOit eee a eicane eee 5-01 
IMPS © Somos cess .c se scenetae 5:14 
CROMER pte cere (ass) 
Na, Oa rah tata acca 2°66 
AO) haa stawaeeenotedeacnnet 975] 

RO yexocncnenectesce am acre 2:99 
AWOL Gooobeccaecboe 98°67 


Very many lava-flows and some dykes of basalt occur in the 
district. No attempt has been made to separate the types of basalts 
into groups, although it appears as if the nature of the dominant 
pyroxene might be taken as a basis. 

There is no doubt that some of the basalts are intrusive, and 
represent pipes of former small cones. This is well seen at St. Clair, 
Black Head, and at Mount Cargill, where the northern peak is 
formed of a columnar basalt, while in the first two localities the 
basalt-neck penetrates through the calcareous sandstone. 

From the section at North Otago Head, it is evident that basalt- 
flows followed the effusion of trachyte. They were succeeded by a 
flow of trachytoid phonolite. Basalt again succeeded, with a brief 
change to basanite, and finally a second trachytoid phonolite. 

Basalts appear to have been almost the last of the lavas emitted, 
for basalt-flows cover the conglomerates at Kaikorai, Waikouaiti, 
and at Union-Street Bridge; and pebbles of trachytoid phonolite, 
and of nearly all the other types of rock, occur abundantly in the 
conglomerates. The andesitic type of trachytoid phonolite is poorly 
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represented, and there are no pebbles of trachydolerite, so far as 
known. 


18. Melilite-basanite.—A dark basaltic rock, exhibiting dis- 
tinct grains of olivine in hand-specimens. Slices show some plagio- 
clase, the extinction-angle of which is high enough for anorthite ; 
augite, generally granular and very abundant; olivine in rather 
long crystals. Melilite was the last mineral to crystallize, and is 
present in irregular plates containing inclusions of augite, anorthite, 
and magnetite. No perofskite has been detected. The presence of 
felspar in these rocks appears to be exceptional: in consequence 
of its presence, the rock should be classed as a basanite. 

It is only in the extreme northern part of the district that any 
melilite has been found up to the present. The rock forms a lava- 
flow of some 50 feet thick, resting upon the calcareous sandstone 
below and covered by trachytoid leucite-phonolite above. Field- 
indications point to the probability that the rock covers a large area, 
but this has not yet been proved by microscopical investigation. 
Occurring as it does, right on the edge of this volcanic district, it is 
difficult to say what position it would occupy in the complete series 
of rocks; but it is probable that it is the equivalent of one of the 
younger basalts, immediately below the trachytoid phonolite in the 
main series. 


19. Port-Chalmers Breccia.—In many places the component 
fragments are large, reaching 60 centimetres in diameter; but 
usually they are quite small, and in some large masses of rock it is 
unusual to see any fragments of greater size than 10 cm. The 
fragments are very variable in nature. Pieces of mica-schist, 
diorite, and dolerite are not infrequent. Nepheline-syenites are 
fairly frequent ; and tinguaites (porphyritic and dense), phonolites, 
and basalts are abundant. In sections, much of the microscopic 
matter is seen to be phonolite and trachyte. Occasional crystal- 
fragments of felspar and augite occur. The rock is firmly coherent, 
and the grains are held together more by the compact nature of 
the fine material in which they are embedded, than by any definite 
cement. 

The Port-Chalmers Breccia is a fine to coarse clastic rock, closely 
cemented into a hard coherent mass by consolidation and cementa- 
tion. It covers a large area near Port Chalmers, and is also found 
to the west and south of Hooper's Inlet. It lies above the trachyte, 
with which it is in contact, but is covered by trachytoid phonolite. 

The breccia evidently represents the detritus thrown out from 
a crater in which violent spasmodic steam-explosions occurred. 
All the rocks previously deposited in the neighbourhood were 
shattered, and in the constant attrition attending their emission 
and falling back were partly reduced to powder: this has formed 
the cementing-material which has converted the fragmentary matter 
into a hard coherent rock. It is a noteworthy fact that the majority 
of the tinguaite-dykes radiate from a spot near the present greatest 
thickness of breccia—Observation Point ; and it is probable that the 
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tremendous steam-explosions to which this breccia owes its formation 
also rent the neighbouring rocks asunder, and the alkaline magma 
that filled the rents solidified into tinguaite-dykes. 

The formation of the Port-Chalmers Breccia appears to have suc- 
ceeded the effusion of much of the basalt and the trachyte, but it 
must have preceded the eruption of most of the trachytoid phonolite 
and the trachydolerite. 

Many other breccias of small thickness and limited extent are 
found between various lava-streams, but none of them have the 
importance of the Port-Chalmers rock. 


III. Curmican CLassIricatron. 


An attempt has been made to classify the Dunedin rocks that 
have been analysed, in accordance with the scheme of quantita- 
tive classification formulated by Prof. Pirsson, Dr. Washington, 
Prof. Iddings, and Mr. Weed. The calculations necessary to 
find the proper place in the classification are slightly involved, 
and there is no certainty that a correct result has been achieved 
in every case. 

The alkaline rocks of the district form so well-defined a series, 
that they constitute a good test for any system of classification, 
although it must be allowed that fuller (and perhaps more exact) 
analyses, with separation of titanic oxide and other compounds, are 
desirable in order to ensure satisfactory results. 

A tabulated statement of the classification of the rocks is here 
appended. It is framed in accordance with the large and valuable 
collection of analyses, calculated according to the system proposed 
by Dr. H. 8. Washington, which was published in 1903 by the 
United States Geological Survey as Professional Paper No. 14. 
It will be seen, in every case, that the rocks fall into classes 
son teanine many similar species described from other parts of the 
world. 

Class I. PERSALANE. 
Order 5, Prrretic. 
Rang 1. Peralkalic. 
Subrang 4. Dosodic. 
Trachyte, Portobello. 


Tinguaite, Acheron Point. 
Order 6. 


Rang 1. 
Subrang 3. Sodipotassic. 
Trachytoid Phonolite, Logan’s Point. 
Class II. DOSALANE, 
Order 5. 
Rang 1. 
Subrang 4. 
Green Phonolite. 
Rang 2. 
Subrang 4. 
Camptonite. 
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Order 6. 
Rang 1. 


Subrang 3. 
Nephelinitoid Phonolite, Mopanui. 
Leucitophyre. 
Trachydolerite. 


Subrang 4. 
Camptonitic Tinguaite. 
Trachytoid Phonolite. 
Rang 2. 
Subrang 3. 
Andesite. 


Subrang 4. 
Trachytoid Phonolite. 


Class III. SALFEMANE. 


Order 5. 
Rang 3. 
Subrang 5. 
Dolerite, Mount Charles. 
Dolerite, Papanui. 
Order 6. 
Rang 2. 


Subrang 4. 
Basanite. 


In Class I it is seen that the trachyte from Portobello and the 
tinguaite from Acheron Point fall into the same subrang. It is 
evident that a classification in which this happens is hardly satis- 
factory from a petrographical standpoint, for the mineralogical 
composition, structure, and geological occurrence of the rocks are 
all different. On the other hand, both rocks belong to the alkaline 
series, and the slight chemical difference, although sufficient to 
disturb the mineralogical formation, is insufficient to allow of 
separation of the rocks according to this system, which is based 
on chemical characters alone, 

This class includes a lestiwarite, an andesite, a porphyrite, and 
a sdlvsbergite; therefore, the two rocks here included do not 
correspond to the extremes that are possible. In the same class, 
but in a different order and subrang, is the Logan’s-Point phonolite. 
There is no doubt as close a relationship geologically and petro- 
graphically as in this classification. 

The majority of the alkaline rocks find their places in the second 
class, and in closely-related divisions of that class. The andesite 
and green phonolite are in slightly-different divisions. The classi- 
fication here seems to agree satisfactorily with the relationships 
as expressed by mineralogical composition. However, the rocks in 
Order 6, Rang 1, Subrang 3 are very different in many particulars, 
and hardly any petrographers or mineralogists could be content with 
such a result, for mineral constituents, structure, and occurrence 
are all different. Itis true that, at present, our knowledge is too 


scanty to allow of any formulation of a natural or genetic system 
ry 
od hel 
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of classification; but this is the natural final goal, and present 
attempts and descriptions should be largely based on those characters 
that evidently are important from a genetic standpoint, although 
their full significance is unknown. The suggested classification 
seems to lose sight of these characters, and therefore neglect and 
indifference to them would follow its general adoption, to the great 
loss of petrography. 

A classification according to the petrographical or mineralogical 
characters of the rock in each subrang would probably lead to 
endless overlapping and confusion. In a word, it may be said that, 
so far as the present group of rocks is concerned, the suggested 
chemical classification, while grouping them according to their 
chemical relationships, is unsatisfactory from a geological standpoint. 

The amount of care and thought that has been expended in 
framing the system must have been almost colossal, and whether 
the result is accepted as satisfactory or not, it must have a helpful 
and salutary influence, of a marked nature, on the progress of 
petrographical science. 

An attempt was made to discover any further possible relation- 
ships between the rock-groups, by representing their chemical 
composition by graphic methods. The diagrams, however, did 
little more than figure forth the facts already mentioned :— 


(1) That the alkaline rocks show a graduated series, from the trachytes 
through the tinguaites, to the least acid type of the trachytoid 
phonolites. 


(2) That the basic rocks are also closely related one to the other. 


(3) That the trachydolerites and basanites form connecting-links, the 
former being closer to the alkaline series, the latter to the basic. 


It was considered that these facts were sufficiently evident, 
without being further emphasized by the reproduction of the 
diagrams. 


TY. Oriein or tHe Dirrerent Kinps or Rocks. 


It is obvious that the occurrence of so many different kinds of 
rocks in one district would, if interpreted correctly, throw con- 
siderable light on the much discussed cause of the differences between 
igneous rocks. 

So far as the succession of lavas is concerned, there are two 
sections that display the actual relative position of lavas that seem 
to be of prime importance. 

The first (fig. 1, p. 417) is exposed along the side of the Water of 
Leith from the corner of Duke Street and Royal Terrace to Skey’s 
House. Here the lowest rock is a basalt: a flow of Papanui Dolerite 
50 feet thick rests upon the basalt, and above the dolerite comes an 
andesite. This is succeeded by two flows of trachytoid phonolite, 
above which comes a basalt, and finally the series in this district is 
completed by a trachydolerite. 
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Unfortunately, information is not at present complete as to 
whether the basalts occurring in the different parts of this series 
are similar in composition ; but, leaving them out of consideration, 
the silica-ratio increases from the dolerite to the trachytoid phono- 
lite, then decreases in the trachydolerite, in the ratio 44:51:55: 52. 


Fig. 1.—Section along the Leith Valley, from See House to the 
Reservow. 


'N.20°W. S.20°E, 


[Scales, vertical and horizontal: 4 inches =1 mile.] 


1=Basalt. 2=Papanui Dolerite. 3=Andesite. 4=‘'rachytoid phonolite 
(andesitic type: two flows). 5='lrachydolerite. 


The alkalies, on the other hand, constantly rise if the upper basalt 
be not considered. The minerals of these rocks are as follows :— 


TRACHYTOID 
Do.zrits. ANDESITE. PHONOLITE. TRACHYDOLERITE. 
Anorthite. Labradorite. Oligoclase. Sanidine. 
Augite. Augite. /Mgirine-augite. Anorthoclase. 
Olivine. Hornblende. Hornblende. Aiigirine. 
Magnetite. Olivine (little). | Magnetite. Augite. 

Magnetite. Nepheline Olivine. 
(microchemical Hornblende (resorbed). 
tests). Nepheline. 

Sodalite. 
Magnetite. 


Both chemically and mineralogically, there seems to be, in this 
case, little support for the theory of magmatic differentiation, for the 
order is basic, intermediate, alkaline-basic, alkaline-basic. 

The minerals are different in the lavas. The heavy mineral 
hornblende is not present in the heaviest rock. The heaviest 
mineral olivine is present in the last rock erupted, which is a 
comparatively-light one. 

The resorption-zones of the hornblende in the andesite show that 
it was unstable in this rock, but was much more stable in the 
trachytoid phonolite, and was completely resorbed in the trachy- 
dolerite. 


The other important section (fig. 2, p. 418) is exposed at North 
Otago Head. Here the lowest rock seen is basalt. Upon this 
rests trachyte. It is succeeded by basalts, and they give place to a 
trachytoid phonolite of a highly-alkaline type. Basalts succeed this 
for 200 feet in ten distinct flows. Then comes a phonolite rich 
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in hornblende, of the St. Leonard’s type, with two basalts above it. 


Finally the crest is crowned by another trachytoid phonolite, less 
alkaline than the earlier one. 


Fig. 2.—Section at North Otago Head. 


(Scales, vertical and horizontal: 4 inches =1 mile.] 


1=Trachyte. 4=Trachytoid phonolite (andesitic 
2=Trachytoid phonolite (Logan’s-Point type). 
type). 5=Basanite. 
38=Trachytoid phonolite (St. Leonard’s | 6=Basalt (twenty lava-flows). 
type). 


No analyses have yet been made of this series of rocks, but 
sections fail to show any resemblance whatever between the 
different rocks or their component minerals; except that the basalt 
immediately above the lower trachytoid phonolite contains egirine- 
augite, and is certainly more alkaline than the higher basalts. 
A basanite with large nepheline-crystals is exposed at the northern 
end of the cliff, and appears to extend throughout it as a lava 
among the basalts, but it has not yet been definitely traced in that 
precipitous portion where the succession is clear. 


The general section (fig. 3, p. 420) across the whole district, from 
west to east, is less instructive. The coarse trachydolerite that forms 
the southern portion of Mount Flagstaff is believed to be intrusive, 
and to represent the neck of a volcano, from which much trachy- 
doleritic lava was erupted. 

On the east side of Mount Flagstaff a succession of lavas of very 
various character is found, and an attempt has been made to repre- 
sent their probable arrangement. The trachydolerite which occurs 
over some portion of the western side of the Leith is supposed to 
have flowed from Mount Cargill into a valley that was already eroded. 
The Pine-Hill mass flowed from Mount Cargill apparently over a 
great thickness of trachytoid phonolite, of which all the central and 
southern part of Signal Hill is composed. The capping of basalt on 
the top of Signal Hill flowed from a vent farther north. Trachyte 
is found near the shore of Otago Harbour, and forms the main mass 
of that portion of the peninsula which lies opposite to it; but the 
occurrence of basalt on this shore-line indicates that it lies beneath 
the mass of trachyte. A dolerite occurs at the top of Harbour 
Cone, and seems to have been intruded through the trachyte at 
the eastern base of the Cone, where the foyaite occurs. Mount 


Charles is almost entirely composed of the type of dolerite named 
after it. 
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There are three sources of information in regard to the succession 
of the lavas :— 
1. Actual superposition. 
2. Occurrence of pebbles and boulders in breccias and conglomerates that 


are covered by other lavas. 
3. Dykes penetrating other rocks. 


The first of these has been discussed in the pages Just preceding ; 
the second was referred to when the conglomerates and breccias 
were described; the third is not very suggestive, but the more 
important points may here be mentioned :— 


Tinguaites penetrate alike the Mount-Charles Dolerite, the trachyte, and 
the trachytoid phonolite. 

Basalt traverses Mount-Charles Dolerite and trachyte. 

Camptonite penetrates trachyte and Mount-Charles Dolerite. 


The following is the most probable order of rock-formation that 
can be suggested when the preceding facts are borne in mind :— 


1. Basalt and Mount-Charles Dolerite. 

2. Trachyte. 

3. Basalt. 

4. Trachytoid phonolite, highly alkaline. 

5. Basalt. 

6. Basanite. 

7. Papanui Dolerite and basalts. 

8. Andesite and St. Leonard’s type of phonolite. 
9. Port-Chalmers Breccia. 

10. Trachytoid phonolite (andesite). 

11. Basalt. 

12. Trachydolerite and nephelinitoid phonolite. 
13. Basalt. 


The other lavas have not been discovered in positions which 
allow of their relative age being gauged. 


This order of emission does not seem to follow any of those that 
are suggested by theories of magmatic differentiation. The difficulties 
encountered are especially great, when the small sections at See 
House and North Otago Head are considered. Such an occurrence 
as that at the top of Mount Cargill is also very complex. The 
mountain has five peaks, large and small. The main one is composed 
of trachydolerite; another close to it of nephelinitoid phonolite ; 
two others of trachytoid phonolites of different types; and the fifth 
of basalt. Vegetation so hides all the intervening ground, that no 
conclusions whatever can be reached as to the relative age of the 
rocks. 

It is believed, however, that in this district the microscopic struc- 
ture of the rocks affords very important aid in arriving at conclusions 
as to the origin of the numerous rock-types observed. 

In the dolerites, most of the basalts, the trachyte, and some 
trachytoid phonolites, all the minerals seen in the rocks appear to be 
native tothem. None of the constituents show signs of corrosion or 
resorption or marginal fringes. 
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In the basanite, the nepheline and sodalite are much corroded, and 
the pyroxene has a core of egirine. It seems impossible that in 
such rocks these alkaline minerals should have formed first, and 
have suffered corrosion afterwards. For, in a rock with so high a 
percentage of silica (49), and a comparatively-low percentage of lime 
(7), asoda-lime felspar would have been formed in sufficient quantity 
to use up all the available soda (4:7). Even in those rocks where 
the silica-percentage is so low that there is more soda than can be 
utilized in the felspar, it is, so far as specimens available for 
examination in Dunedin are concerned, retained in the magma until 
the last stage of crystallization is reached, when idiomorphic nepheline 
separates out, and the augite becomes fringed with a mantle of 
egirine, This, which appears to be the normal order in such rocks, 
is admirably shown in rocks from Auckland (N.Z.), also in those 
from the Lobauer Berg. 

In the trachydoierites, the augite and olivine appear to be as 
little true secretions from the magma of the rock in which they are 
contained as the nepheline and egirine in the basanites. Not only 
has resorption proceeded far while fringes of egirine have formed 
round the minerals, but the augite must have been (with olivine) the 
earliest constituent to form. In addition, the only plutonic frag- 
ment found in the rock (it is 10 centimetres in diameter) contains 
no olivine or augite, though all the other trachydolerite-constituents 
are present. 

There can be no doubt that the dolerite at Papanui has obtained 
large quantities of quartz now partly resorbed from the schist. In 
connexion with this, it is only necessary to refer to marscoite, a 
rock formed from a gabbro-magma that has taken up granitic 
material prior to its intrusion and to the ‘ composite sills.’ * 

In a word, all these minerals must be regarded as xenocrysts in 
the rocks in which they are found. The question arises as to 
whence these xenocrysts were derived. It is unlikely that they 
were obtained from the melting of rocks previously solidified, 
for the amount would have to be enormous, and the stage of melting 
in the huge mass of trachydolerite, for instance, is the same all 
through. Again, if any melting of adjacent rocks took place, it is 
natural to expect that the quartz contained so abundantly in the 
mica-schist, the fundamental rock of the district, would be well 
represented. 

The only rational explanation appears to be that these rocks 
have resulted from mixture of magmas before ejection. 

The nature of the magmas before this mixing cannot be more 
than guessed at until further research is made, but the trachyte- or 
phonolite- and dolerite-magmas appear more likely than the others. 
It is possible that these two magmas owe their original separation 
to magmatic differentiation, but whether that is so or not, the ultimate 
cause in producing the numerous varieties of rocks would appear 
to be magmatic mixing. 

1 A. Harker, ‘The Tertiary Igneous Rocks of Skye’ Mem. Geol. Surv. U.K. 
(1904) chapt. xii. 
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The Papanui Dolerite has a wide occurrence in Otago, and is 
extremely uniform in structure and composition. The trachyte and 
alkaline trachytoid phonolites are also very closely related, very 
uniform, and are of widespread occurrence in the Dunedin area. 

The obvious criticism that must be first offered concerning this 
explanation, is the complete mixing that the magmas have under- 
gone. Both the basanites and the trachydolerites appear to be 
uniform and homogeneous throughout. The passage of steam- 
bubbles through the magma, and the flow-movements consequent on 
eruption, seem to me inadequate to account for so complete a 
mixing. Yet, admitting this apparent inadequacy, the explanation 
is perhaps more satisfactory than any that might be based upon 
magmatic differentiation. 


V. SumMMARY. 


The Dunedin district is a distinct petrographical unit. The 
igneous rocks are of post-Oligocene age. 

The igneous rocks are very variable in nature, embracing plutonic, 
hypabyssal, and volcanic members. They range in their petro- 
graphical character from very basic dolerites to highly-acid and 
alkaline trachytes. 

Complete descriptions are given of many typical members of the 
several groups. 

The geological occurrence of the rocks is described. 

Chemical analyses show that the petrographical differences are 
often coincident with chemical differences, and also that they are 
generally similar to rocks of the same classes in other parts of 
the world, more particularly to those of East Africa. 

A classification is attempted, according to the methods proposed 
by distinguished American petrologists. 

Sections are described that indicate the order of succession of 
the lavas. This order does not appear to be explicable on any 
theory of magmatic differentiation, but it is suggested that it may be 
due to the mixing of magmas before and during eruption. 


Postsorier. 


[Prof. Rosenbusch, with characteristic enthusiasm, has kindly 
examined slides of many of the rocks described in the foregoing 
pages, and his remarks on them have just reached me. In nearly 
all respects he agrees with the classification that I have adopted, but 
there are some important points as to which his wide experience 
and knowledge have prompted him to give me important infor- 
mation :— 


The diorite of Bell Hill he classes as an exceptional form of essexite. 


The andesite of the Paper-Mills and the trachytoid phonolite of. 


St. Leonard’s are, he says, rather more closely allied to the trachy- 
dolerites than to tbe classes in which I have placed them. 'The 
pas he regards as closely similar to the ‘andesite’ of the Sieben- 
gebirge. 

The camptonite also he refers to the trachydolerite-group. 
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The spherulitic structure in the tinguaite of Hooper’s Inlet he ascribes to 
zeolitization, especially the formation of natrolite. 

The spherulitic structure of the Blueskin phonolite is cousidered by him 
as very remarkable and exceptional. 


In most other essential respects he approves of the classification 
that I have adopted, so far as he has been able to judge from 
the rock-slices sent him—that is, in all those instances concerning 
which I was in doubt.—P. M., November 15th, 1905.] 


EXPLANATION OF PLATES XXXVI-XXXIX. 


[The numbers B 165, etc., in Pls. XXXVII-XXXIX are those of the 
microscope-slides preserved in the author’s collection. ] 


Prats XXXVI. 


Geological map of the neighbourhood of Dunedin, on the scale 
of 2 miles to the inch, 


Puatse XXXVII. 


Fig. 1. B165. Foyaite; Harbour Cone. Crystal of amphibole largely resorbed, 
with a rim of pyrites and exgirine and inclusions of apatite. It is swr- 
rounded by decomposed felspar. x 45 diameters. ey 

. B22. Tinguaite; Limekilns, Otago Peninsula. Large crystal of 
nepheline, embedded in a groundmass of nepheline-, xgirine-, and 
anorthoclase-microliths. x 45 diameters. 


bo 


Puatz XXXVITI. 

Fig. 1. C4. Tinguaite; Hooper’s Inlet. Resorbed amphibole, replaced 
by sgirine and analcite. Groundmass of felspar and nepheline. 
x 45 diameters. 

2. C75. ‘Analcite-rock. Camptonite showing camptonitic structure. 
Crystals of amphibole in a groundmass of analcite and felspar. x 45 
diameters. 

Prats XXXIX. 

Fig. 1. C6. ‘Analcite-rock’ (camptonite). Rounded grain of pink pyroxene 
surrounded by amphibole. Groundmass of amphibole, analcite, and 
felspar. 45 diameters. 

2. C188. Kaiwekite; Kaikorai Valley. Large crystal of anorthoclase 
embedded in a groundmass of isometric felspars and felspar-laths. 
x 45 diameters. 


Discusstron. 


The Cuarrman (Mr. R. 8. Hureres) congratulated the Society on 
the presence of such an old and valued Fellow as Capt. Hutton, whose 
last appearance at one of their meetings had been at Somerset 
House, in the days of Lyell and Murchison. On behalf of the Society 
he welcomed him back to England, and thought that the Fellows 
were mueh indebted to him for the able way in which he had 
presented this very interesting paper. Although he (the Chairman) 
had visited New Zealand, he had not been so far south as Otago, and 
in the districts that he had seen (those of Auckland, the Waikato, the 
Hot Lakes, the Otira Gorge, etc.) he had paid more attention to the 
physiographical conditions than to the rocks. He had, however, noted 
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the great difficulty of the country to be worked, and the vast oppor- 
tunities awaiting the geologists settled there. He thought that this 
the parent Society was always very fortunate in receiving the best 
of their work from its children living in all parts of the world, and 
especially in having presented to it such an able paper from a colony 
so interesting as New Zealand. 

Dr. Traxt regretted that he had not heard the first part of the 
paper, and could not therefore do justice to it; but he was glad of 
the opportunity of expressing the pleasure that he felt, in listening 
to even a small portion of what was evidently an important com- 
munication, and at meeting Capt. Hutton, with whose name and 
work he had been so long familiar. 

Various theories had been proposed to explain the succession of 
igneous rocks, but none was applicable to all instances. This being 
the case, it was most important that the sequence ina large number 
of instances should be carefully recorded, and on those grounds he 
welcomed this paper. Of late, the view that the mixing of magmas 
and the modification of magmas by the absorption of adjacent rocks 
were important factors in determining varieties of igneous rocks 
had been gaining ground. He had not himself met with evidence 
of this on a large scale, but he was perfectly prepared to believe 
that it existed. 

Prof. Warts congratulated the Author on the richness of the 
petrology of the Dunedin district. He referred especially to the 
fact that the Author had tested the new classification in his rock- 
sequence, and had found it wanting. 

Prof. Hutt enquired as to the evidence of the former elevation 
of the area described to 1500 feet above its present level. 

Mr. A. P. Youne, commenting on the persistence of the basalts 
which appear in the earliest, and last till the latest, stage of 
volcanic activity, said that he wished to ask whether some apparent 
repetitions in the series might not be referred to faults. As an 
alternative to the Author’s bypothesis of the complete disappearance 
of amphibole through resorption, the speaker suggested that the 
presence or absence respectively of the mineral in closely-allied 
rocks might, in some cases, be explained by the tendency of amphi- 
bole to crystallize out at great depths from magmas which, at 
higher levels, yielded biotite or pyroxene in place of amphibole. 

Mr. H. H. Tuomas asked a question concerning the Author’s 
explanation of the occurrence of analcime in some of the rocks. 

Capt. Hurron, replying on behalf of the Author, said that the 
latter gave no theory as to the occurrence of analcime in the rocks. 
With reference to the question asked by Prof. Hull, there was a 
general agreement, both biological and geological, in favour of an 
elevation of the New Zealand area in later Pliocene times. The 
actual elevation in the south.of New Zealand was estimated from 
the depths of the fiords below sea-level. 
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16. Tritoprres from Boxtvia, collected by Dr. J. W. Evans in 
1901-1902. By Parr Lake, M.A.,F.G.S. (Read April 25th, 
1906.) 

[Puate XL. | 


Tus trilobites brought home by Dr. Evans are comparatively few 
in number, but nevertheless they form a valuable addition to our 
limited knowledge of the Lower Paleozoic faunas of South America. 
Several horizons are represented, and it is worthy of remark that, 
while the earlier forms show affinities with the contemporaneous 
European fauna, the Devonian species are much more closely allied 
to those of South Africa and North America. This observation is 
borne out by an examination of the trilobites described by Prof. 
E. Kayser from Argentina,’ by Dr. A. Ulrich from Bolivia,’ and by 
Dr. J. M. Clarke from Brazil.’ 
The following forms have been identified :— 


Peltura sp. | Dalmanites Paittina, Hartt & 
Symphysurus Apolonista, sp. nov. | Rathbun (?). 
Trinucleus boliviensis, sp. nov. | Dalmanites Maecurtia, J. M. Olarke (?). 


Ogygia sp. Dalmanites sp. 
Phacops ef. arbutcus, Lake. | 


The specimens were obtained from the following localities * :— 

(1) Cochaiya, about 3 miles north-east of Pata, on the track 
from Apolo to Pelechuco wia Pata, Province of Caupolican, 
Republic of Bolivia. 


Peltura sp. 


Two specimens of Peltwra were obtained in soft, pale-violet or 
purple shales in this locality. The beds clearly belong to the Upper 
Cambrian, and are probably on the horizon of the Dolgelly Beds or 
Upper Lingula-Flags. 


(2) Large blocks of sandstone (not im situ) about a mile from 
Apolo, Province of Caupolican, in a direction a little west of 
north. 


Symphysurus Apolonista, sp. nov. and Trinucleus boliviensis, sp. nov. ° 


1 «Ueber primordiale & untersilurische Fossilien aus der Argentinischen 
Republik’ Paleontographica, Suppl. ili, Lief. 2 (1876) pp. 5 e¢ segg. See also 
‘Beitrage zur Kenntniss einiger palaozoischen Faunen Stid-Amerikas’ Zeitschr. 
Deutsch. Geol. Gesellsch. vol. xlix (1897) pp. 274-317 & pls. vii-xii; and 
I. Thomas, ‘ Neue Beitrage zur Kenntniss der deyonischen Fauna Argentiniens ’ 
ibid. vol. lyii (1905) pp. 283-90 & pls. xi-xiv. 

2 ‘Paliozoische Versteinerungen aus Bolivien’ Neues Jahrb. Beilage-Band 
viii (1893) pp. 5-114 & pls. i-v. 

3 «Ag Trilobitas do Grez de Ereré e Maecurt, Estado do Parad, Brazil’ Rey. 
Mus. Nac. Rio de Janeiro, vol. i, 1895 [1895 on title-page; 1896 on coloured 
wrapper]. Published separately in 1890. 

4 Most of the places referred to here will be found in the map accompanying 
Dr. Eyans’s paper on his ‘Expedition to Caupolican, Bolivia, 1901-1902’ 
Geogr. Journ. vol. xxii (1903) pp. 601-42. 
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“The specimens occur in a light-coloured friable sandstone. 
Trinucleus is confined to the Ordovician System, while Symphysurus 
is limited to the Tremadoc and Arenig Series. The sandstone is, 
therefore, probably of Arenig age. Both species occur in the same 
blocks ; and it may be observed that Trinucleus bolwwiensis resernbles 
Tr. coscinorhinus, Ang., which seems to be the only species of 
Trinucleus in Sweden that extends downwards into beds with 
Symphysurus. 


(8) Right bank of the River Caca, between the mouth of the River 
Challana and that of the Coroico, Province of Caupolican. 


Ogygua sp. 
The only trilobites from this locality being fragments of Ogygia, 


all that it is possible to say is that the beds are Ordovician, and 
probably belong to the lower part of that system. 


(4) Nodules found lying loose on the ground, on the track from 
Apolo to San José de Chupiaménas, rather more than 3 miles 
north-north-east of Apolo, Province of Caupolican. 


Phacops cf. arbuteus, Lake ; Dalmanites Paitina, Hartt & 
Rathbun (?); and D. Maecurtia, J. M. Clarke (?). 


Phacops arbuteus occurs in the Bokkeveld Beds of Cape Colony ; 
Dalmanites Paitina and D, Maecurtéa in the Devonian strata of 
Brazil. The nodules are, therefore, clearly of Devonian age, and 
probably belong to the Lower Devonian. 


(5) Found by Mr. John Turle on the Puerto-Mapiri and Aten 
road, between Achicheri and Aten (probably near the River Yuyo), 
on the borders of the provinces of Caupolican and Muiiecas, 


Dalmanites sp. 


Only a single broken specimen was obtained from this locality. 
It appears to be allied to Dalmanites Maecurtéia, Clarke, or to 
D, Clarke, Ulrich; and the beds are probably Devonian. 


Description oF THE SPECIES. 
Petrura sp. (Pl. XL, fig. 1.) 


Two specimens of the thorax of this form have been found in 
pale-violet or purple shale from above Pata. The more perfect 
shows twelve segments ; the axis is broad, forming about one-third 
of the total width, and there are slight indications of a median 
tubercle on some of the rings; the pleure are horizontal, at right 
angles to the axis, deeply grooved, obliquely truncate, and produced 
into very short points. 

On the same specimen the outline of the free cheek is also partly 
visible. It was crescentic, with the genal angles completely 
rounded, and the eye placed far forward. 
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The width of the thoracic axis and the shape of the free cheek, 
render it almost certain that the specimens belong to the genus 
Peliura. The remains are not sufficient, however, for specific 
description. 

Locality (1). Three miles north-east of Pata. 


SympHysuRvs APoLoNista,' sp. noy. (Pl. XL, figs. 2 & 3.) 


Head semicircular, very convex, forming nearly a quarter of a 
sphere. Glabella smooth, not elevated, occupying about one-third 
of the whole width of the head, and reaching forward to the 
anterior margin; the axial furrows which define the glabella are 
well-marked, they converge gently forwards until within a short 
distance of the anterior margin, where they again diverge and at 
the same time become slightly shallower. Occipital furrow well 
defined, both on the glabella and on the cheeks. yes fairly large, 
prominent, placed very close to the glabella, and about half way 
between the frontal and posterior margins. Facial suture in front 
of the eye indistinct, but appearing to run nearly parallel to the 
axial furrows; behind the eye, it is deflected outwards and meets 
the posterior margin within the genal angle. The genal angle was 
apparently rounded, the cheeks not marginate. 

The tail is highly convex ; it appears to have been nearly semi- 
circular, and not marginate. Axis conical, raised, reaching to 
the posterior margin, where it terminates in a blunt point; it bears 
a number of annulations, but (probably in part on account of the 
nature of the matrix) these are too indistinct to be counted. The 
lateral lobes are smooth. 

This form is not unlike Symphysurus incipiens, Brogger*; but 
the greatest constriction of the glabella is more forward than in 
that species, the eyes are smaller, and the tail was apparently 
oot marginate. As regards the last character, however, there is 
room for doubt, since the only specimen of the tail is obviously 
incomplete. 

Locality (2). About a mile north-by-west of Apolo. 


TRINUCLEUS BOLIVIENSIS, sp. nov. (Pl. XL, figs. 4 & 5.) 


Only the head of this little species is known, and in outline it 
forms a segment of a circle. Glabella pyriform, narrow posteriorly, 
broad in front, very convex and prominent, standing high above 
the level of the cheeks; anteriorly it ends abruptly and almost 
vertically at the fringe, upon which it does not encroach ; two pairs 
of short glabellar furrows near the base; occipital furrow deep. 
Cheeks triangular, slightly convex, with deep occipital and marginal 
furrows. Fringe very narrow, and nearly uniform in width through- 
out: owing to the coarseness of the material in which the specimens 
are preserved, the structure of the fringe is not distinct, but in one 
or two cases traces of the perforations are visible. 


1 Apolonista = an inhabitant of Apolo, common gender. The name was 
kindly suggested to me by Dr. Evans. E 
2 «Die Silurischen Etagen 2 & 3’ Christiania 1882. p, 58 & pl. i, figs. 1 & 2, 
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The genus Zrinucleus appears to be new to South America. 
Prof. Kayser ' has described and figured several remains of Ampyw 
from Potrero de los Angulos in the Argentine Republic; but, with 
this exception, no representative even of the family, so far as I am 
aware, has hitherto been recorded from South America. 

In its narrow fringe and convex pyriform glabella, Zrinucleus 
coscinorhinus, Ang., from the Chasmops-Limestone of Sweden, some- 
what resembles the species just described; but in the former the 
glabella is not so prominent, and it is much more constricted 
towards its base. 

Locality (2). About a mile north-by-west of Apolo. 


Oeyera sp. (Pl. XL, figs. 6 & 7.) 

From the third locality, on the River Caca, came a number of 
fragments of tails. These were subtriangular in outline, with a 
very broad and well-defined margin, and must have attained a 
length of three-quarters of an inch. Axis narrow, reaching to the 
margin, and, so far as can be seen, without annulations. Lateral 
lobes but slightly arched, marked by faint ribs which are sometimes 
obsolete. 

From the same locality comes a small hypostome, about as broad 
as it is long, ending in an obtuse point; a strong curved furrow 
passes transversely across, a little within the distal margin, and a 
second short furrow seems to cut off the extreme point. 

To judge from the tails alone, the species might belong to either 
Niobe or Ogygia, or even to the genus Asaphus. But the hypo- 
stome seems to be distinctly the hypostome of an Ogygia; and it 
closely resembles that of Ogygia Selwynz, Salter. 

Prof. Kayser” has already described and figured the tail of an 
Ogygia from Argentina, and he draws attention to its resemblance to 
O. Selwyni, Salter. 

Locality (8). River Caca. 


Puacors cf. arsurevs, Lake. (Pl. XL, fig. 8.) 


1904. Phacops arbuteus, Lake, ‘The Trilobites of the Bokkeveld Beds’ Ann. 
8. A. Mus. vol. iv, p. 203 & pl. xxiv, figs. 2-4. 

Of this form only a single specimen, showing the central portion 
of the head, has been found. The glabella is elongated, nearly 
parallel-sided, rounded in front, and decidedly convex transversely ; 
it bears a number of scattered tubercles. The anterior pair of 
glabellar furrows is strongly inclined forwards, and is quite distinct; 
the second pair is not so clear, but this is apparently due to the 
imperfection of the specimen ; the third pair is much the strongest 
of the three and is nearly at right angles to the axis. The frontal 
lobe of the glabella is very long, forming about one half of the 


} «Primordiale & untersilurische Fossilien aus der Argentinischen Republik’ 
Palzontographica, Suppl. ili, Lief. 2 (1876) p. 24 & pl. i, figs. 25-27, 
* Ibid. p. 12 & pl. i, fig. 20 [non pl. ii, as stated on that page]. 
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whole. ‘The occipital furrow is deep, and the occipital segment 
bore a strong spine, of which only the basal portion is preserved. 

So far as the state of the Bolivian and South African specimens 
allows comparison, the resemblance of this form to Ph. arbuteus is 
practically complete. The glabella is perhaps more nearly parallel- 
sided, and the first two pairs of glabellar furrows are somewhat less 
distinct. 

Dalmanites gemellus, Clarke, is similar in some respects, but the 
glabella is not elongated, and the frontal lobe is short. 

Locality (4). Three miles north-north-east of Apolo. 


Dartmanites Psrruna, Hartt & Rathbun (?). (Pl. XL, figs. 9 
& 10.) 

1875. Dalmania Paitina, CO. F. Hartt & R. Rathbun, ‘On the Devonian 
Trilobites & Mollusks of Ereré’ Ann. Lye. Nat. Hist. N. Y. vol. xi 
(1876) p. 111. 

1890. Dalmanites (Crypheus) Paitina, J. M. Clarke, ‘Trilobitas do Grez de 
Ereré e Maecurt’’? Rev. Mus. Nac. Rio de Janeiro, vol. i, p. 39 & 
pl. 1, figs. 13-14, 16-17. 

1908. Dalmanites (Crypheus) Paitina, B. Katzer, ‘Geologie des unteren 
Amazonasgebietes’ p. 212 & pl. xv, figs. 11 @-11 0. 


Two small and imperiect heads seem to belong to this species. 
Locality (4). Three miles north-north-east of Apolo. 


Darmanrres Mancurta, J. M. Clarke(?) (PI. XL, fig. 11.) 
1890. Dalmanites Maecuriia, J. M. Clarke, ‘Trilobitas do Grez de Hreré e 
Maecurti’ Rey. Mus. Nac. Rio de Janeiro, vol. i, p. 23 & pl. u, 
figs. 1-3, 6-7, 10, 15. 

1903. Dalimanites Maecurtia, F.Katzer, ‘Geologie des unteren Amazonas- 

gebietes’ p. 212 & pl. xv, figs. 12 a-12d. 

A fragmentary specimen enclosed in a nodule shows the basal 
portion of the glabella, the free cheek, and part of the thorax. 
Both glabella and free cheek agree, so far as they go, with Dr. Clarke’s 
figures. 

Locality (4). Three miles north-north-east of Apolo. 


DALMANITES sp. 

A very fragmentary specimen, in dark shale, shows the axis and 
part of the right lateral lobe of a tail, which is probably refer- 
able to the genus Dalmanites. There is a general resemblance 
to Dalmanites Maecurta, Clarke, and D. Clarkei, Ulrich*; but 
only ten annulations are visible on the axis and on the lateral 
lobe, and the worn condition of the specimen prevents any closer 
comparison. 

Locality (5). Between Achicheri and Aten. 


2 Neues Jahrb. Beilage-Band viii (1893) p. 19 & pl. i, fig. 13. 


Q. J. G. 8. No. 247. Deer 


430 TRILOBITES FROM BOLIVIA. [Aug. 1906, 


EXPLANATION OF PLATE XL. 


[The specimens have been placed by Dr. J. W. Evans in the British Museum 
(Natural History) at South Kensington. | 


eal 
oe 
= 


. Peliura sp. Natural size. 


2. Symphysurus Apolonista, sp. nov., head. 5. 

3. Symphysurus Apolonista, sp. noy., tail, X 5. 

4. Trinucleus boliviensis, sp. nov., head. XX 5. 

5. Trinucleus boliviensis, sp. noy., side view of head. & 5. 

6. Ogygte sp., fragment of tril. Natural size. 

7. Ogygia sp., hypostome. Seep 

8. Phacops cf. arbutews, Lake, portion of head. Natural size. 

9. Dalmanites Paitdna, Hartt & Rathbun (?), bead. Natural size. 
10. Dalmanites Paitina, Hartt & Rathbun (?), reflexed frontal border of 

head, seen from below. Natural size. 

ll. Dalinanites Maecurtia, J. M.Olarke (?). Natural size. 


[For the Discussion, see p. 432.] 
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17. On Gravrottires from Bortvra, collected by Dr. J. W. Evans 
1901-1902. By Eraren M. R. Woop, D.Sc. (Communicated 
by Dr. J. W. Evans, LL.B., F.G.S. Read April 25th, 1906.) 


Tue graptolites collected by Dr. John W. Evans from Bolivia, and 
sent to me for inspection, are marked as coming from five separate 
localities. 

The best-preserved forms occur in black pyritic shales exposed 
at ‘a halting-place on the right bank of the Rio Coranhuata, known 
as Culi, on the up-stream side of the Puente de Culi (J. 28/4/02).’ 
The rock is cleaved, and the graptolites are in consequence some- 
what distorted, but the well-known species Didynograptus bifidus, 
Hall, is recognizable. Associated with this abundant form there 
is one small fragment of a slender extensiform Didymograptus, 
apparently of the type of D. affinis, Nich., but too fragmentary to 
admit of specific identification. 

Black shales occurring at another locality ‘on the left bank of 
the Rio Coranhuata, on the down-stream side of the Puente de 
Culi (H. 28/4/02), are crowded with graptolites, but unfortunately 
much distorted and in a poor state of preservation. 

On one slab from this spot several examples of a species of 
Phyllograptus are recognizable, and one of Glossograptus. The 
commonest graptolitic form present, however, 1s one which it is 
difficult to assign to any known genus or species. It belongs to 
the family of the Diplograptide, and possesses three conspicuous 
spines at its proximal extremity together with a long virgula 
distally produced. It is, perhaps, most closely allied to the genus 
Cryptograptus; but all details as to the form of the thecee are obscure, 
and the specimens are too distorted to allow of description. 

Another slab from the same locality shows, in addition to this 
Oryptograptus (?), fragments of what appear to be a Didymograptus 
of the ‘ bifidus ’-type. 

Somewhat softer black pyritic shales obtained from ‘the left 
bank of the Rio Coranhuata on the up-stream side of the Puente 
de Paracorin, and on the down-stream side of the Rio de Paracorin 
(G. 28/4/02), show examples of Didymograptus bifidus, fragments 
of a Didymograptus of the ‘ Nicholsoni’-type, together with an in- 
determinable species of Diplograptus. 


So far, therefore, as one can judge from the meagre graptolitic 
evidence available, all these Bolivian black shales occupy approxi- 
mately the same horizon, corresponding to the upper part of the 
Arenig formation of Great Britain. The genus Phyllograptus is, so 
far as known, restricted to the Arenig; and Didymograptus bifidus, 
which has a world-wide distribution, is everywhere characteristic 
of its highest zone (Lower Llanvirn of Hicks). 

A different type of Bolivian graptolite-bearing rock is met with 
on the ‘ hill-slope on the right bank of the Rio de Amantala, on the 
up-stream side of the Raqui-raqui and the down-stream side of the 
2io de Sant’ Iago.’ It is a laminated shale, extremely soft, and of 
a pale silky-grey colour, weathering to a dull orange-red tint. It 
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shows graptolites, but these are rare ; they are preserved as reddish- 
brown films, and are somewhat distorted. The only form present is 
a species of Climacograptus, which may be compared with Cl. con- 
fertus, Lapw. If this identification be correct, then the horizon 
occupied by these pale shales is practically the same as that of the 
black shales already noticed (namely, Upper Arenig); but the 
evidence, as it stands, is insufficient to settle this point. 

A similar rock obtained from ‘the hill-top known as Pilone, 
between Huanai and Tipuani, yields an indeterminable fragment 
of a Dichograptid. 

The specimens have been placed by Dr. Evans in the British 
Museum (Natural History), South Kensington. 


Discusston (ON THE TWO FoREGOING PAprERs). 


The Cuatrman (Dr. J. E. Marr) asked whether any of the 
graptolites were found in the beds containing some of the trilo- 
bites. The Author of one of the papers had stated that the 
Devonian trilobites were more related to those of South Africa and 
North America than to those of Northern Europe. He therefore 
asked whether they bore any resemblance to those of the Devonian 
beds of Bohemia. 

Dr. J. W. Evans briefly described the localities .from which the 
specimens were obtained. He stated that the differences in 
characters between the black and the pale Arenig shales appeared 
to be due to the lateritization of the latter. 

Mr. J. Hopkinson said that the specimens of graptolites exhibited 
were very badly preserved, and therefore difficult to determine ; 
but Didymograptus bifidus, a typical Upper Arenig species, was 
easily recognizable. From the presence of Phyllograptus he 
thought that the rocks might extend below the Upper Arenig. The 
pale shale was very like that found in contact with trap-rocks 
(greenstone) in the Middle Arenig of St. David’s (South Wales), 
where it contained graptolites, and appeared to be merely the 
black shale baked. 

Mr. G. W. Lamrptuen, commenting on the wide interest of the 
correlation, remarked that, as the Bokkeveld Beds contained the 
oldest marine fauna yet discovered in South Africa, no comparison 
of the South American fossils with the earlier faunas of this region 
was possible, and the correlation with the European equivalents 
was therefore necessarily substituted. It was permissible to 
believe that, if the earlier faunas of the South African region were 
known, they would show an equally-close agreement with the South 
American fossils. 

Mr. Puitre Lax said that, so far as the trilobites were concerned, 
the Devonian faunas of South Africa and South America were more 
closely related to each other than to that of Bohemia. He thought 
it very likely that, when Cambrian and Ordovician trilobites were 
discovered in South Africa, they would be found to resemble those 
of Kurope. The differentiation of the Devonian faunas was probably 
due to a redistribution of land and sea. 
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18. Bracniopop Homaéomorpuy: Pycore, ANTINOMLA, PYGITES. 
By 8. S. Buckman, F.G.S. (Read March 21st, 1906.) 


[Prats XLI.| 


To be able to arrange, in the Geological Department of the British 
Museum (Natural History), the species known as Terebratula 
diphya and T. diphyoides, with their allies, it was necessary to 
ascertain the generic and specific names which such shells should 
bear. The following remarks are partly the results of such enquiries, 
partly of investigations carried on at other times in connexion with 
other collections. The work has led to finding certain overlooked 
specific designations, while there seem to be disclosed not only 
notable cases of homceomorphy, but an interesting course of 
Brachiopod evolution. 

To deal with the specific synonymy :—The name diphya, Colonna, 
is pre-Linnean, and therefore cannot remain. The first post- 
Linnean designation for some of the shells in question is given by 
Bruguiére in 1792 [3]... He named and figured a non- perforate 
shell Lerebratula pileus (p. 424), anda perforate one T’. cor (p. 425)? 
These figures, with others of Yercbratule were reproduced in the 
‘ Encyclopédie Méthodique’ [4], being drawn under Bruguicre’s 
direction, as he states in the ‘ Journal d'Histoire Naturelle’ p. 419. 
They were published in 1797 [33], without any names, and were 
accompanied by figures of another perforate d¢phya-like fossil. 

In 1819, Valenciennes [36 | wrote the articles on the Terebratule in 
Lamarck’s ‘ Animaux sans Vertébres’: he named the last-mentioned 
fossil (Eney. Mcth. pl. ecxl, fig. 4) Lerebratula deltoidea ; to the 
reproduced figures of Bruguiére’s 7’. pilews (Kncy. Meth. pl. cexli, 
fig. 1) he gave the name 7’. triangulus ; and the reproduced figures 
of Bruguiére’s 7. cor he left without appellation. But Valenciennes 
uses the term 7’. cor for another species, saying nothing about 
Bruguiére’s prior use of it. Valenciennes’s 7’. cor has been identified 
by Davidson as a Lias shell [13]; but this use of the name must 
drop. 

it is singular to find that in so few years Bruguicre’s paper 
in the ‘Journal d’Histoire Naturelle’ had been apparently for- 
gotten, his name 7’, pileus overlooked, and his name 7’. cor misused, 
Tt is more remarkable to find that the paper has been overlooked ever 
since. It is not mentioned by Suess [34], who wrote a treatise on 
these species and gave an otherwise very full synonymy ; it is not 
noticed by Pictet, who monographed the diphya-like forms ; and its 
title does not appear in Davidson & Dalton’s Bibliography [16]. 


1 Numerals in square brackets throughout this paper refer to the Bibliography 
on p. 451. 

2 The work in which these are figured was kindly brought to my notice by 
Mr. B. B. Woodward, F.L.S., in connexion with an investigation into the first 
post-Linnean use of the term ’ Terebratula. I owe him my best thanks for this 
and much other help. 
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Meanwhile, prior to Valenciennes, another author, James 
Parkinson, had in 1811 figured two diphya-like shells [28]: he 
named them both Verebratulites triquetra, but one is perforate, the 
other is imperforate—the latter seems to be the same as Bruguicre’s 
T’. pileus. 

The next author to be considered is Catullo [7]. He figured 
various perforate forms and an imperforate fossil under the name 
Terebratula antinomia ; but as he only mentions the perforate forms 
in his description, one of them must be taken as the type. The 
identification of Catullo’s species is important ; because it was on 
these figures of Catullo that Link, in 18380, founded the genus 
Pygope [24]. Little doubt but that the perforate character was 
considered the essential feature of the genus; and therefore one 
of Catullo’s perforate shells must be taken as the type of Pygope. 
Catullo subsequently wrote a paper [8] to show that his 7. antinomia 
was different from 7’. deltoidea, Val. (Lamarck). This paper is not 
noticed in Suess’s synonymy [34], nor in Davidson’s Bibliography 
[16]. But what Catullo figures in this case as 7’. antinomia is a 
different specimen from any of the perforate examples which he 
figured before by that name; he himself admits this. And as it does 
not agree with his former figures in shape, one may conclude that 
it is specifically distinct: For the present, it is necessary to distin- 
guish it as 7. antinomia 4. His imperforate form he now names 
T. mutica. Later still, Catullo entered into more detail [9]: he 
again figured 7’. antinomia and 7’. mutica; he also copied from the 
Encyclopédie Méthodique the figure of 7’. deltoidea, Valenciennes 
(Lamarck), and the figure of Anomia diphya from Colonna. 

A further paper by Catullo [10] is important, as, in it (p. 74), he 
proposed the generic name Antinomia tor perforate Terebratulids. 
He drops the term antinomia as a trivial name ; but he shows five 
species in outline-drawings—Antinomia diphya and A. deltoidea, 
which he assigns to the Neocomian; A. angulata, A. angusta, and 
A. dilatata, which he places in the ‘ Epiolitic Limestone,’ say, 
Upper Jurassic. He says nothing about how these species agree 
with his previously-named forms; but the outline of A. diphya is 
evidently taken from Colonna’s figure, and that of A. deltotdea from 
either the Encyclopédie Méthodique, or from Catullo’s previous 
reproduction thereof : only, it is reduced to one-half linear. 

These facts may be summarized as follows :— 

The syntypes of Terebratula antinomia, Catullo, are the specimens 
depicted in his figures p, q, 7, s, t [7]. 

The specimen represented in fig. g was subsequently eliminated 
by Catullo himself [8]. 

Three specimens thus remain—represented as p, r, and s+t. 

The genosyntypes of Pyqope, Link, are the specimens represented 
by Catullo’s figures p, q, 7 [7]. 

Of these, p and r are perforate, and ¢ an imperforate species. 

The genosyntypes of Antimonia, Catullo, are the species to which 
that author gave the names A. diphya (von Buch), A. deltoidea 
(Val.), A. angulata, A. dilatata, and A. angusta [10]. 
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The above are the facts: they admit of varied interpretation. 
For instance, the type of Terebratula antinemia may be selected out 
of four specimens. Then the genotype of Pygope may be selected 
from at least two species; and it is not necessary that what is 
selected to be the type of Z. antinomia be taken to be the genotype 
of Pygope. In fact, in view of Catullo’s generic use of the term 
Antinomia, it seems desirable to avoid this; which is possible, as 
there are five species out of which to select the genotype of 
Antinomia. 

From among several attempted methods of arrangement, the 
following seems to give the most satisfactory results in the 
circumstances—diminishing as much as possible the difficulty of 
identifying Catullo’s most indifferent figures :— 

To select as the type of 7. antinomia the specimen of which two 
figures are given, namely Catullo’s s,¢[7]. To select as the type 
of Pygope Catullo’s fig. 7; this figure shows the perforation some- 
what distant from the umbo. On this account, and because of its 
shape, I identify this figure with Valenciennes’s Terebratula deltoidea 
[36 |. 

Then, out of the five species assigned to Antinomia by Catullo, 
one, A. deltoidea, would consequently be withdrawn ; another, 
A. diphya, is almost unrecognizable; the same remark applies to 
A. angulata. ‘here remain then two species, 4. angusta and 
A, dilatata. The latter is a very definite form, though Catullo has 
exaggerated its angles; and I select it as the type of Antinomia, 
believing it to be the same species as that which Catullo originally 
called Terebratula antinomia, fig.r [7]. Hence, if this identification 
be correct, the proper designation of the type of the genus will be 
Antinomia antinomia (Catullo); although it must be remembered 
that the genolectotype of Antinomia must be stated as Antinemia 
dilatata, Catullo= 7’, antinomia, Catullo. 


From the statement of facts given above, it will be noticed that 
the text-books and other systematic works are quite incorrect in 
giving Terebratula diphya as the type of the genus Pygope. This has 
arisen from the idea that Colonna’s name overrode all others applied 
to the perforate Terebratulids, and that the name diphya was 
sufficient to cover all or most of the species of such perforate shells. 
Whatever view be taken of the number of species necessary, the 
following statements at any rate are justified :— 

That 7. diphya as a post-Linnean designation has not priority 
over any names applied to perforate Terebratulids before 1835, 

That 7. diphya is not mentioned as aspecies of the genus Pygope 
by the founder of the genus: he knows only 7. antinoma. 

That Z. cor, Bruguiére, is the first post-Linnean designation for 
a perforate Terebratulid. 

That when writers give the type of a genus, they should quote the 
actual designation of the species referred to by the author of the 
genus, not their interpretation of it, however certain they may 
feel, 
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If it be asked why two generic names, Antinomia and Pygopeé, 
should be necessary, the answer is—the evidence seems to show 
that, used in the manner just set forth, these names designate two 
genetic series, in which, remarkable as it may seem, the peculiar 
pertorate shape has really been developed independently twice over. 
‘There are characters running through the species of each series, 
such as the size and position of the perforation, the shape of the 
side and the curvature or otherwise of its margin, which enable the 
morphic equivalents of the two series to be separated. : 

Nor does this fully state the case. ‘There is actually another line 
of these perforate Terebratulids, and this has a special character of 
its own separating it from Pygope, though in other respects 1t 
is similar. It seems, therefore, that the perforate character—or 
rather the growth of two large lobes and their ultimate junction— 
has actually been developed three times over, and that such 
development took place at three closely-successive dates about the 
end of the Jurassic and beginning of the Cretaceous Period. 


Before enlarging on this subject, it may be well to notice certain 
other species of these perforate Terebratulids which have received 
names. 

One species has been generally overlooked, in fact I have found 
only a solitary reference to it. It is the Terebratula Duval, 
Newman, named by him in the ‘Zoologist’ in 1844 [25]}. Linterpret 
this species as being a Pygope, and a near ally of 7. deltoidea. 

A very remarkable species, with a large perforation, is the 
Neocomian shell to which A. d'Orbigny gave the name 7’, diphyovdes 
[27]. 1 take as the type of his species the specimen which he 
considered an adult form (pl. dix, figs. 6, 7,8, &9). Since the 
other forms which he figures are not ontogenetic stages (as he 
supposed), but represent the different phyletic stages in the pro- 
gressive development of a perforate Terebratulid from a Glosso- 
thyridoid, it is important to select one particular form as the type. 

Another species to be compared with this one, showing its 
character of large perforation, is Terebratula janitor, Pictet [29]. 
This name again is applied to a series of forms similar to those called 
T. diphyoides; that is to say, it denotes a series of phyletic stages. 
But there is a distinction running through the series 7’. diphyowdes 
which separates it from the series 7. junitor ; namely, that in the 
ventral valve from the beak to the perforation there is a sulcus :— 
that is to say, in the stage which is the morphic representative of 
the Glossothyridoid ancestor, in the 7.-diphyoides series there is a 
sulcus in the ventral as well as in the dorsal valve!; but in the 
T.-~janitor series there is not this ventral sulcus, nor is it present 
in Antinomia. Apparently then the T.-diphyoides and the. 
7.-jaiutor series represent forms developed along somewhat parallel 
but independent lines. Either the glossothyridoid ancestor of the 
former series developed into a 7’.-Huthynu stage (Pl. XLI, fig. 17)— 


* A corresponding fold within the dorsal sulcus accompanies the development 
of the ventral sulcus. 
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the stage of ventral sulcus added—before the lobate stage was 
commenced; or the J'erebratula-janitor-series, if it had such an 
ancestor, has managed to lose all trace of this ventral-sulcus stage 
which the 7’. diphyoides retains so markedly. 

In order to distinguish the diphyoides-series of genetic forms, I 
propose to use de Haan’s MS. name Pygites. I do this, because 
1’. janitor belongs to the same series as 1’. deltoidea, that is to say 
it is a Pygope. In both these species there is no dorsal sulcus in 
the preperforate stage ; and yet their perforation is larger and more 
anteriorly situated than in Antinonuia. 

Thus there would appear to have been, from a Glossothyridoid 
form, three independent lines of development into bifidate and 
perforate stages (see p. 438). 

The forms of the different stages in the three developmental lines 
are thus distinguishable :— 


Glossothyridoid Stage. 
Antinomia, Transverse shape. 


Pygope. Very transverse. 
Pygites. Very transverse, develops dorsal fold and ventral sulcus. 


Bifidate Stage. 


Antinomia, Division of lobes carried close to umbo. Lobes long, 
not very wide. Side flattened, and margin much curved. 
Pygope. Division of lobes not so near umbo. Lobes wide, not 

very long. Side more or less acute; margin straight. 
Pygites. Like Pygope, but with an extra fold and furrow in the 
preperforate stage. 


Pertforate Stage. 


Antinomia. Perforation small and close to umbo. Sides flattened ; 
margin much curved. 

Pygope. Perforation large, and somewhat distant from umbo. 
Sides subacute ; margin straight. 

Pygites. Like Pygope, but with extra fold and furrow. 

As to the fold and furrow, Pictet says [29, p. 164] :— 

‘It [Z7. janitor s.1.= Pygope] is distinguished very clearly [from 7. diphyoides 
s.l.=Pygites] by . . . . its dorsal [ventral] ridge being completely destitute of 
' furrows, and by the absence of a median ridge on the base of the small valve. 
I bave had in my hands at least 60 examples, which, compared with my 


200 specimens of diphyotdes, have never furnished any case of transition or of 
doubt.’ 


Pictet may also be consulted with advantage as to the general 
features which separate ‘the species with small perforation’ 
[Antinomia] from the janitor-diphyoides torms. The development of 
these three genetic series through these three stages may be 
followed in Pl. XLI, and may be stated somewhat as follows :— 

Antinomia is descended from a rather transverse Glossothyris- 
like form, which took on compression of the lateral margin 
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(glossothyridoid stage). Next, it developed the two long side-lobes 
(bifidate stage, 7'.-sima stage). The space between the lobes was deep, 
carried near to the umbo, but the lobes were not parted so very widely. 
When, later, the lobes fused (perforate stage) there was produced 
a series of forms with a small perforation fairly close to the umbo. 

On the other hand, Pygope arose from a considerably transverse 
Glossothyridoid. This developed broad side-lobes, with a relatively- 
broad, not deep, parting (bifidate stage); but it did not carry the 
division so near to the umbo as Antinomia. Consequently, when 
coalescence of the lobes took place, the resulting perforation was 
larger, and farther from the umbo than in Antinoma. Then the 
7'.-diphyoides series (Pygites) arose from a transverse Glossothyridoid, 
like Pygope did; but before attaining the bifidate stage this 
Glossothyridoid developed further—it began plicating. It raised a 
fold in the dorsal suleus, and made a furrow in the ridge of the 
ventral valve. It thus produced a plicate form analogous to 
Terebratula Euthymi, Pictet, only it was much more transverse. 
Then it carried out the development of the bifidate and perforate 
stages parallel to those of Antinomia and Pygope; but it kept, like 
Pygope, a relatively-large perforation. Both Pyyites and Pygope are 
distinguished from Antinomia by lacking the flattened sides and the 
curved side-margin. 

In estimating the size of the perforation, morphic equivalents 
should always be compared. 


The development of the diphyoids from glossothyridoid to bifidate, 
to perforate stages is very obvious; but what succeeds to the 
perforate stage? The question seems to be answered by a 
remarkable species figured by Zeuschner, for which I propose a 
name, Pygope solidescens (see p. 447). In this species the perforation 
is closed—there remains, as it were, only the scar of the wound; 
while the line of junction of the coalesced lobes seems to have 
completely disappeared. 

This suggests, extraordinary as it seems, that such species as 
T. pileus, Brug. (= 1. triangulus, Val.), T'. euganeensis, Pictet—in 
fact, the imperforate forms—are the further development ; that they 
have actually lost all trace of the perforation and of the line of 
coalescence, and show no trace of ever having been perforate 
Terebratulids. What is more remarkable, and shows the cycle in 
which development so often moves, 7. pileus is actually again 
suleating the dorsal valve, and recommencing a glossothyridoid stage. 

I must confess that I was quite unprepared for the idea that 
imperforate 7’. pileus could have been developed from perforate 
forms—not until I saw the Pygope solidescens. The discovery of 
that species 1 owe to the chance sending of a volume from the 
Society’s Library, and therefore tender my best thanks to our 
courteous Assistant-Librarian, Mr. W. R. Jones. 

In view of this result, an interesting surmise suggests itself. 
There is in the Middle Lias aGlossothyridoid (7, Aspasia, Meneghini) 
(Pl. XLI, fig. 23), with sulcate dorsal valve, a form just analogous to 
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the glossothyridoid ancestor of the perforate Terebratulids ; in fact, 
authors have called it Pygope Aspasia.. There is in the Upper 
Lias an imperforate Zerebratula (1. erbaensis, Suess) (Pl. XLI, 
fig. 24), so like the imperforate diphya-forms that Suess himself 
at one time called it 7’. diphya, and it has figured in literature 
as Pygepe erbaensis. Wave we here the first and last (the 
glossothyridoid and pileus or imperforate) stages in the development 
ot a series of forms analogous to Antinomia and Pygope, but of such 
series no perforate species have yet been found? Or did Terebraiula 
Aspasia develop into 7. erbaensis without going through a pro- 
nounced bifidate stage (sima-stage)? At any rate, the relation of 
1. pileus to the perforate and the glossothyridoid forms seems to 
show that, in spite of their dissimilarity, 7’. erbaensis may possibly 
be the more or less remote development of 7’. Aspasia, connected by 
a greater or less series of bifidate aud perforate forms. 

The geological position of the diphyoids is much removed from 

that of 7’. erbuensis and T. Aspasia. Pictet [29] says:— 
‘This species [7. janitor s.l.=Pygope] is generally characteristic of the deposits 
that lie on the borders of the Jurassic and Cretaceous Feriods, It [Pygope} 
probably somewhat preceded diphyoides [Pygites]; but is, on the other hand, 
later than the species with small perforation [Antinomia]’ (p. 164). 

Of these Cretaceo-Jurassic strata and their zonal divisions a good 
exposition is given by Prof. Haug [22], from which I can adapt 
the following lable (1) to explain the position and sequence of the 
diphyoids. 


Tasrin 1.—Srravra yreuping Drpnyorps (ADAPTED FROM H, Have). 
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1 This rave species can be added to our British fauna. A specimen was found 
by the late Edward Wilson, F.G.S., in the Junction-Bed [Middle Lias], 
Thorncombe Beacon, near Bridport (Dorset). 

2 Kilian [23] p. 430, says that Berriasian = Lower Valanginian, and should 
be retained in the Cretaceous System. 

3 Picter [29] p. 165, says that ‘the limestone of Koniakau is identieu with 
that of Stramberg.’ 
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From Pictet [29] pp. 155,156, and from other authors, it is possible 
to gather the distribution of diphyoids into the various strata— 
Berriasian, Stramberg Beds, and Diphya-Kalk; but, though useful, 
this is not sufficiently exact for zoological purposes. For instance, 
we cannot say which, if any forms, distinguish the Upper from the 
Lower Diphya-Kalk ; but the wide and incorrect use of the term 
Terebratula diphya is perhaps responsible for that. 

Then from Pictet [29] p.309,it may be learnt that these diphyoid- 
yielding strata are divisible into some eight or nine beds, one of 
which alone is 1500 feet thick. It is obvious, therefore, that such 
a bed as the Diphya-Kalk, wherein are found species of Antinomea 
in- various stages of development, must have taken a long enough 
time in deposition to allow of the evolutionary changes required. 

The following Table (II) shows the sequence of the diphyoids, so 
far as i can interpret the records of various authorities :-— 


Tasun IL.—SrratigraPHIcaL SEQUENCE OF DipuyoIDs, ACCORDING TO THE 
INFORMATION GIVEN BY PICTET AND OTHER AUTHORS. 


| 


Pygites diphyoides ; Pygites, bifidate forms ; Pygope Duvali | 


PL. subtriangulata; P. euganeensis; Antinomia equi- 


Nxocomian, 
BuRRIASIAN. 


campestris. 


| 
| | 
| Pygope janitor; P. deltoidea; P, Duvali (2); P. © misile| 
merensis. Pygope, bifidate forms are from Koniakau.. 
[Pictet, p. 165.] | 
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Eee s ES Antinomia angusta, Upper Diphya-Kalk. 
g = gH Pygope (Y) diphya, P. (1) solidescens, P. (! ) rectangularis, 
gg 24 & P. rupicola; Antinomia planulata, A. sima, A. diphora, 
| asso A. dilatata, A. Catulli, A. cor, A. Quenstedti, A, triquetra, 
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| ig BH BA A, pileus. | 
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The geographical distribution of the diphyoids is essentially 
circum-Mediterranean—that is, the southern parts of Europe, and 
Northern Africa. 


The following are a few references to nomenclature and 
synonymy—not by any means exhaustive, it is true, but sufficient 
(it may be hoped) to be a guidance for future work. For one 
reason exhaustiveness could not be aimed at, because one of the most 
important works on this subject has been inaccessible: there is no 
copy in the British Museum (Natural History), and I have not heard 
of one anywhere else, of the important work by Zeuschner (38). 
Further against exhaustiveness is the fact that many forms of 
Pygope and Pygites—those in the bifidate stage for instance— 


* For assistance in this study my thanks are due to my eldest daughter, who 
traced and pasted on slips for comparison nearly 250 figures of these fossils. 


Wol.-62:)] BRACHIOLOD HOM@OMORPHY. 441 


possess no trivial names by which they can be referred to. Therefore 
in the works noticed in the Bibliography (p. 451) are many figures 
of diphyoid forms not mentioned in the following pages. 


Genus Anrtrnomra, Catullo, 1851. 


Genosyntypes—A. diphya, A. deltoidea, A. angulata, A. dilatata, A. angusta. 
Genolectotype—A. dilatata, Catullo=Terebratula antinomia, Catullo. 


A series of diphyoid Terebratulids in which the perforation (when 
present) is small and set close to the umbo, while the sides of the 
valves are flattened, and the side-margin is much curved. 


Glossothyridoid Stage. 
ANTINOMIA PLANULATA (Zeuschner). (Pl. XUI, fig. 1.) 


Terebratula planulata, Zeuschner, 1846, teste Zittel. T. planulata; } Zitte , 
1870, pl. xiv (xxxviii) figs. 3, 4,5. Z. diphyoides; Quenstedt, 1871, pl. xlvii, 
figs. 121 & 122. T. diphoros ; Quenstedt, 1871, pl. xlviii, fig. 1. 

According to Zittel, this form has been named 7. planulata by 
Zeuschner in the work which is not obtainable. 

This form, which is more transverse than Glossothyris nucleaia, 
shows a similar deep sulcus in the anterior part of the dorsal valve, 
giving the front margin a linguiform appearance. The arrest of 
growth in the linguiform portion, and the expansion of the lobes 
on each side of it, produce the bifidate form. 


Bifidate or Binate Stage. 


AntTrNomiA stma (Zeuschner) 1846, teste Pictet. (Pl. XLI, fig. 2. 


Terebratula sima, Zeuschner, 1846 (Pictet). 7. sima; Pictet, 1867, pl. xxxiii, 
figs. 4&5 only. TZ. sima; Zittel, 1870, pl. xiii (xxxvii) figs. 11 & 12. 


A form with long lobes, and a remarkable curved side-margin. 


ANTINOMIA DIPHORA (Zeuschner) 1846, teste Quenstedt. (PI. XLI, 
fig. 3.) 
Terebratula diphoros, Zeuschner, 1846 (teste Quenstedt). TZ. diphya; Pictet, 
1867, pl. xxxi, fig. 8. TZ. diphoros; Quenstedt, 1871, pl. xlviu, fig. 6 only. 

Whether this is really Zeuschner’s species is doubtful, nor can it 
be said if Pictet’s form agrees with what Quenstedt calls diphoros, 
because the latter shows no side view. What Pictet shows differs 
from A. sima by its less curved margin. 

According to Pictet and Quenstedt the following other species 
were named by Zeuschner :—7Z". rogoznicensis, 7’. axine, T. expansa, 
and 7, Staszicii ; and it seems that all except the last one are bifidate 
forms. 


1 When the author cited is the giver of the trivial name a comma is used; 
when he is not, a semicolon. 
2 A leaf with two lobes is known in botany as ‘ binate’ (foliwm binatum). 


442 MR. S. S. BUCKMAN ON [ Aug. 1906, 


<= 


ANTINOMIA sp. a. (PI. XLI, fig. 4.) 
Terebratula diphya ; Pictet, 1867, pl. xxxi, fig. 7. 


This form has the two lobes nearly in contact, and is the transition - 
stage between the bifidate and perforate species. Possibly Zeuschner 
has given it a name. 


Perforate Stage. 
Triangulate. 


The four following species show four forms ranging from wide- to 
narrow-angled. The first three show much-curved side-margins ; 
about that of the last there is no information. 

In these and other forms the characters of the vascular markings 
might repay careful attention. In specimens that I have examined 
there seems to be much difference in their size, number, and approxi- 
mation. 


ANTINOMIA ANTINOMIA (Catullo), 
Terebratula antinomia, Catullo, 1827, pl. v, figs. s & ¢ only. 


It is assumed that Catullo’s very poor figures are intended to 
represent a specimen of the next species. 


AntinomiA pitaTaTa, Catullo, 1851. (Pl. XII, fig. 5.) 


Antinomia dilatata, Catullo, 1851. Terehratula diphya; Suess, 1852, pl. xxxi, 
figs. 138-16. T. dilatata, Pictet, 1867, pl. xxxii, fig. 4. J. Catulloi, Pictet, 
1867, page 202 (pars). : 
The latangulate form. 
Note.—lIt is assumed that in Catullo’s sketch the spread of the 
lateral angles has been exaggerated. 


Anrinomia Caruttt (Pictet) 1867. 


Terebratula antinomia, Catullo, 1829 & 1840, non Cat. 1827. 7. diphya ; 
Sa 12 Woodward, 1853. TT. diphya; Davidson, Mon. Introd. 1854, pl. vi, 
fig. 3, fig. reduced P T. dilatata, Pictet, 1867, pl. xxxii, fig. 1 (type), pl. xxxii, 
fig. 5, & pl. xxxui, fig. 3 (xxxiii, 2°). 7. Catulloz, Pictet, 1867, p. 202 (pars). 
Narrower than the last. 
Note.—A species with the vascular markings very approximate 
and very strong. These characters are well shown by a specimen in 
the British Museum (Nat. Hist.), B. 8688. 


Antinomi cor (Bruguiére). (Pl. XLI, fig. 6.) 
Terebratula cor, Bruguiére, 1792. Terebratula...... Ency. Méth. 1797, pl. ccx 
fig. 6. Terebratula dilatata; Pictet, 1867, pl. xxxii, on 2 (pl. BG oa on 
T. Catulloi, Pictet (pars). Pygope diphya; Schuchert, 1896. ‘ ; 
This is the oldest named post-Linnean species of perforate 
Terebratulids. It is narrower than A. Catulli, as that species is 
now defined. 
A specimen in the British Museum (Nat. Hist.), B.16470, 
identifiable with this species, has the vascular markings widely 
separate and feeble. 
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ANTINOMIs aNGUsTA, Catullo, 1851. (Pl. XLI, fig. 7.) 


Antinomia angusta, Catullo. Terebratula dilatata ; Pictet, pl. xxxii, fig. 5 [6], 
not 5a, 5b. TL. angusta; Pictet, p. 202 (pars). T. diphya; Quenstedt, 
1871, pl. xlvui, fig. 123. 


A species from the Upper Diphya-Kalk (Pictet [29] p. 175). 


Subtriangulate. 


ANTINOMIA QUENSTEDTI, nom. nov. 
Terebratula diphya ; Quenstedt, 1871, pl. xlvii, fig. 115 (type). Pygope triquetra ; 
Douvillé, 1880, p. 268. 

A well-marked form, similar to A. Catuili, but smaller and 
stouter. Evidently it did not attain so large a size, for it shows 
the gerontic feature of thickened margin at a stage when A. Catulli 
is still growing normally. 

There is a specimen in the British Museum (Nat. Hist.), B. 188, 
so exactly agreeing with Quenstedt’s figures that I deem it desirable 
to give the forma name. Another example there (B. 8687) is a 
little smaller, but has an almost equally thickened margin. 


Suboblong. 
ANTINOMIA sp. /3. 
Terebratula dilatata ; Pictet, 1867, pl. xxxiui, fig. 3. 


Note.—A narrow form, but not triangulate like A. angusta, being 
nearly as broad posteriorly as anteriorly. Side-margin well curved. 


Securiform=shaped hike a battle-axe. 
ANTINOMIA TRIQUETRA (Parkinson). 
Terebratulites triquetra, Parkinson, 1811, fig. 4 only. Terebratula antinomia, 
Catullo, 1827, pl. v, fig. p only. 

Parkinson’s figure shows a form with wing-like expansions 
making a battle-axe shape. Catullo’s is similar, but with less pro- 
nounced wings. Neither figure gives sufficient details for exact 
determination. 

A specimen in the British Museum, No. 231, exactly agrees with 
Parkinson’s figure and shows the battle-axe shape well. Its margin 
is but slightly curved, though much indented. 


Anrinomia cf. rrtQuETRA (Parkinson). (Pl. XLI, fig. 9.) 
Terebratula diphya; Pictet, 1867, pl. xxxi, fig. 2. 


This form has the battle-axe shape like A. triquetra, but is 
narrower posteriorly and more produced anteriorly. A specimen 


' Fig. 6 in text, misnumbered in plate. 
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similar to Pictet’s is in the British Museum, No. 81055. It has an 
almost straight side-margin, while the vascular markings are widely 
separate and feeble. 


Subobcordate. 
Awnrrnomra ancuLata, Catullo. 


Antinomia angulata, Catullo, 1851, p. 75. ? Terebratula diphya; Quenstedt, 
1871, pl. xlvii, fig. 123. 

Nothing seems to agree with Catullo’s figure. It is said to be one- 
half of the natural size; if so, the specimen must have been far 
larger than any others—quite a giant. 

I can only suggest that Catullo’s figure is intended to represent a 
form like that of Quenstedt, pl. xlvii, fig. 123. This shares with 
Catullo’s a peculiarity which separates it from most other forms—the 
sides (anterior part) run convex, not concave, to make the angles; an- 
teriorly the sides converge, instead of diverging. 


Imperforate Stage. 
Triangulate. 


Antinomia Pitnus (Bruguiére) 1792. (Pl. XLI, fig. 8.) 


Terebratula pileus, Brug. 1792. Terebratula..... Eney. Méth. 1797, pl. ecxli, 
fig. 1. @Z'. triquetra, Parkinson,.1811, fig. 8. 7. triangulus, Valenciennes in 
Lamarck, 1819. 7. antinomia, Catulle, 1827, pl. v, fig.¢; TL. mutica, Catullo, 
1829. T. triangulus; von Buch, 1838, copy of Hney. Méth. 2. diphya; 
Suess, 1852, pl. xxxi, figs. 16417. 7. triangulus; Quenstedt, 1871, pl. xlviii, 
figs. 9 &10. . L. triangulus; Pictet, 1867, pl. xxxiv, figs. (1 ?) 2, 3. 

‘This is the species which has so long been known as Verebratula 
triangulus {Valenciennes in| Lamarck; but Bruguiére’s name 
7’. prleus, which has been quite overlooked, is nearly 30 years older, 
and therefore takes precedence. 

In the British Museum (Nat. Hist.) are two good examples 
(B. 8686 ; B. 15031), and there are other imperfect specimens. 

It may be that, under this name, J have combined what are really 
imperforate forms of more than one series; for some figures and 
specimens show a nearly straight margin, but in Bruguicre’s figure 
it is distinctly curved. 

I have not been able to detect in any examples the least sign of a 
scar, or of irregularity of growth-lines such as would be expected. 


ANTINOMIA EQUICAMPESTRIS (Guembel). 
Terebratula equicampestris, Guembel, 1861, p. 563 (description only). 


This is, from the description, presumably an Antinomia like 
A. pileus in general form, and having the peculiar, laterally-flattened, 
even furrowed, side-margin. The coarse, distant growth-ridges 
would separate the species from A. pileus ; but this character is seen 
in Terebratula euganeensis, a species which has not the flattened 
side-margin. 
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Genus Pyeorz, Link. 


~, Genosyntypes—Terebratula antinomia, Catullo, 1827, p.169 & pl. v, figs. p, q, &r. 
 Genolectotype—Terebratula antinomia, Catullo, ibid. fig. r= 7. deltoidea, 
Valenciennes. 

A series of diphyoid Terebratulids in which the perforation (when 
present) is relatively larger and farther removed from the umbo than 
that of Antinomia ; while the sides of the valves are not compressed, 
and the side-margin is practically straight. 


Glossothyridoid Stage. 


Pyeopr ruprcona, Zittel. 
Terebratula rupicola, Zittel, 1870, pl. xiv (xxxviil) figs. 1 & 2. 


Similar to Antinomia planulata, but broader, as one would expect 
this stage in Pygope to be. 


Bifidate Stage. 


Bifidate forms, morphic equivalents of A. sima and A. diphora, are 
to be seen in Pictet [29], pl. xxx, figs. 5-6 & 9-10, and Suess [35], 
pl. vii (aii) fig. 18; see also Pl. XLI, fig. 10. Forms with the two 
wings just coming into contact—the next stage—are shown by 
Pictet, pl. xxix, figs. 4 & 6; see Pl. XLI, fig. 11. 

For other figures of Pygope, besides those mentioned here or 
later, see Pictet, Verebratula janitor; Glocker [19], 7. diphya, 
pl. xxxv, fig. 14; and Gemmeliaro [18], pl. i, figs. 1-5. 


Perforate Stage. 


Pyeorn Janitor (Pictet) 1867. (Pl. XLI, fig. 12.) 
Terebratula janitor, Pictet, 1867, pl. xxx [fig. 2bés] lectotype; pl. xxx, fig. 1? 


Remarks.—As I do not feel able to separate what Pictet calls 
his type-form from the earlier-named Yerebratula deltoidea, and as 
another of Pictet’s forms is occupied by 7. Duvali, an overlooked 
name, it becomes necessary to fall back on one of Pictet’s varieties. 
If his name is to be preserved, that must be taken as a lectotype. 
It is a latangulate form, morphic equivalent of Antinomia dilatata. 


_Pyeorn pevrorpea (Valenciennes) 1819. (Pl. XLI, fig. 13.) 


Terebratula ——, Ency. Méth. 1797, pl. cexl, fig. 4. 2%. deltoidea, Val. in 
Lamarck, 1819. 7. antinomia, Catullo, 1827, pl. v, fig. 2. TT. diphya, von 
Buch, 1838 (copy of Ency. Méth.). 7. diphya; Bronn, ‘ Leth. Geogn.’;:1838, 
pl. xxx, fig. 14 (copy of Ency. Méth.?). 1. deltoidea ; Catullo, 1840j(copy 
of Ency. Méth.). <Antinomia deltoidea ; Catullo, 1851 (outline; reduced 4 
after Ency. Méth.). Terebratula janitor, Pictet, 1867, pl. xxix, fig. 5. 
T. diphyoides ; Quenstedt, 1871, pl. xlviii, fig. 1. 


The specimen which Davidson figured in the ‘ Annals’ [13] as 
1. deltoidea (pl. xiii, fig. 20) does not seem to be the same shell as 
Q.3.G.8. No'247, 2H 
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that depicted in the Encyclopédie Méthodique. Davidson’s practice 
with regard to these types was very unfortunate. He says :— 


‘There is... some difficulty in a few cases of defining which were Lamarck’s 
real types, as several specimens of different species are sometimes placed on 
one tablet .... it is possible that some of the specimens now in B. Delessert’s 
hands many have been displaced while in the possession of Prince Massena . . . 
I must... add that, in some few cases the specimens belonging to Lamarck’s 
collection were in bad condition, which I have restored in the figures from 
well-preserved specimens of the identical species in my own collection, in order 
to prevent misconceptions as to the shells intended as types.’ (Op. cit. p. 434.) 


He not only restored, but he sometimes depicted quite other 
specimens. ‘The result is the very opposite to what he intended— 
misconception as to what are Lamarck’s (Valenciennes’s) types is 
increased instead of prevented. 


Pyeors Duvart (Newman) 1844. (Pl. XLI, fig. 14.) 


Terebratula diphya; Pusch, 1837. T. Dwwallii, Newman, 1844, figs. a, 5, ¢ 
(lectotype), fig.d? Cf. T. janitor, Pictet, 1867, pl. xxx, fig. 3. TT. diphyoides; 
Quenstedt, 1871, pl. xlvii, fig. 117 only. 

I obtained this reference from J. E. Gray’s Catalogue [20]. 
Newman’s paper seems to have escaped notice otherwise ; its title 
does not appear in Davidson & Dalton’s Bibliography. 

The species was obtained from Grasse in the South of France, a 
well-known Neocomian locality. 

A specimen in the British Museum, B.10355, is similar to 
Newman’s figures a, b, & c, but smaller, and has a much larger 
perforation. This agrees better with Pygope, for Newman’s 
delineation of it seems rather too smail. ‘This specimen is from 
Wadi Sabella, Algiers. 


Pictet’s figures in pls. xxxiii, fig. 1, xxxi, fig. 6, xxxi, fig. 4, 
show a series roughly parallel to the series Antinomia dilatata— 
A, angusta. But Pictet’s forms differ from these by having a 
straight side-margin. On the other hand, they do not seem to 
belong to Pygope, as the perforation is situated more posteriorly, 
and the side-margin is recessed. Compare also the form shown 
by Zittel, 1870, ‘ 7. diphya’ pl. xiii (xxxvii) fig. 1. Its straight 
margin distinguishes it from the A. dilatata-series; its sunken 
margin, ete. from Pygope. 


Perforate Stage. 
Securiform=shaped like a battle-axe. 
Pyeorx (?) prpuya (von Buch) 1835, 

Anomia diphya, Colonna, 1606. Terebratula diphya, L. yon Buch, 1835, pl. i, 
fig. 12 (a reproduction of Colonna’s figure). 1’. diphya; Catullo, 1840, and . 
Antinomia diphya ; Catullo, 1851 (reproductions of the same). Terebratula 
diphya; Pictet, 1867, pl. xxxi, fig. 3, and pl. xxxi, fig. 1? 


Notes.—The name can only date from L. von Buch’s use of it; 
and his drawing is insufficient for exact work. It seems desirable to 
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take one of Pictet’s figures as the neotype. The battle-axe shape is 
suggested in Colonna’s figure ; it is shown to perfection in Pictet’s 
pl. xxxi, fig. 1. This character and the practically straight side- 
margin separate the species from Antinomia; but I do not feel 
certain that this species really belongs to Pygope—that is, that it 
is a development of Pygope deltoidea. 


Subperforate. 


Pyceopn (?) sormpEscens, nom. noy. (Pl. XLI, fig. 15.) 


1870. Terebratula triangulus; Zeuschner [389] (non Valenciennes) pl. vii, 
figs. 5-7. 

It is necessary to name this species for the sake of reference: 
the name chosen signifies the closing-up of a wound, which the 
obsolescence of the perforation seems to suggest. 

Concerning the specimen which he figures, Zeuschner says :— 


‘L. von Buch has correctly united 7. triangulus with T. diphya: interesting 
evidence for that opinion is found in the specimen from Kijow. The perforate 
[ventral] valve is not entirely smooth, as is the case with the ordinary YT. ¢ri- 
angulus, but, in the upper half, is seen the commencement of a hole, and from 
it to the anterior end runsa small sinus [sulcus]. This hole hasan appearance 
like that shown by 7. dilatata; Pictet, Mél. Pal. pl. xxxii, fig. 3a; but it does 
not pierce both valves, and is barely 4 mm. deep. In the imperforate [dorsal] 
valve there is, in the place mentioned, only an insignificant deepening 
surrounded by several small depressions.’ (Op. cit. p. 270.) 


An important point to be noticed about Zeuschner’s specimen is 
that its anterior end is not swallow-tailed, as is the case with the 
Antinomia dilatata-angusta series: instead it projects forward in half- 
moonshape. Now, one would certainly expect any specimen connecting 
the perforate and imperforate stages of either Antinomia or Pygope 
to show aswallow-tailed anterior end—some trace of the manner in 
which the two lobes fused. One would have expected this specimen 
of Zeuschner’s to show an anterior notch, quite as much as a trace 
of the perforation. 

The horizon from which this specimen of Zeuschner’s came is 
important. He says that it was found on the southern slopes of 
the Tatra, in the village of Kijow in the Zips. 

According to Pictet [29] p. 309, there are at the Tatra, at least, 
strata from about Portlandian to Neocomian ; and Zeuschner seems 
to suggest that this specimen came from the same formation as the 
Klippenkalk [Portlandian] which yields the ordinary Yerebratula 
triangulus | Antinomia pileus |, with which he compares his specimen. 
Seeing, however, that 7. erbaensis was once confounded with 
T. diphya, and supposed to come from the same formation, the matrix 
being so similar, but was afterwards discovered to be an Upper-Lias 
shell, it may be suggested that with Zeuschner’s specimen there has 
possibly been a similar error. But it would be most remarkable if, 
in a series which has as yet yielded no examples of the perforate 
stage, this subperforate form were found; while, in the diphyoids, 

24H 2 
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where the perforate stages are so extraordinarily represented, 
there should be no example of the stage connecting perforate 
and imperforate. It is sufficiently remarkable, in any case, that 
there is only this one subperforate example. But, whatever the 
horizon of this specimen, it does show the connexion between 
perforate and imperforate stages; it is most important evidence 
for that. 

Since the above was written I have seen in the British Museum 
a specimen, B. 10824, ‘from the north flank of Tatra, R. I. Murchi- 
son Collection” It is a fragment of a diphyoid embedded in 
matrix. 


Imperforate Stage. 
Triangulate. 


Pyraors (?) MIsILMuRENsSIS (Gemmellaro). 


Terebratula misilmerensis, Gemmellaro, 1871, pl. i, figs. 6 & 7. 


This is a rather thick form, and has a half-moon front, the 
same character as is noticeable in P. solidescens. Gemmellaro’s 
claim that the form is distinct from Antinomia pileus ( Terebratula 
triangulus) seems to be quite justifiable. It is from the 7. janitor- 
beds of Sicily. 


Pyreopx (?) susTRIaNeuLata (Guembel). 


Terebratula subtriangulata, Guembel, 1861, p.563. 7. euganeensis, Pictet, 1867, 

pl. xxxivy, fig. 7 only. 

Remarks.—Guembel’s name precedes Pictet’s. His description, 
unaccompanied by a figure, seems to indicate such a form as Pictet 
has figured as 7’. euganeensis (pl. xxxiv, fig. 7), a more massive and 
less triangulate species than his other forms of this name. Guembel 
says that his species comes from the Middle Neocomian. 


Pyeors (?) EUGANEENSIS, Pictet. (Pl. XLI, fig. 16.) 


Terebratula euganeensis, Pictet, 1867, pl. xxxiv, figs. 5 (take as type) & 6 (5, 6, 
‘échantillons typiques’ Pictet, p. 183). ?2Z. triangulus; Quenstedt, 1871, 
pl. xlviii, fig. 11 (not 9, 10). 


Pictet says that this is a Neocomian species. 


Quadrangulate. 


Pyr@opr (?) RECTANGULARIS (Pictet) 1867. 
Terebratula rectangularis, Pictet, 1867. 


Note.—Distinet from Antinomia pileus (Brug.) not only by its 
shape, but because its side-margin is straight, not curved, and sub- 
acute. Pictet says that this species comes from the Red Ammonite- 
Limestone [Portlandian]; this is against its being a descendant of 
Terebratula janitor : it is difficult to say to what series it belongs. 


Vol. 62.] BRACHIOPOD HOM@OMORPHY. 449 


Genus Pyerrss, gen. nov., ev de Haan, MS." 


1833. Pugites, de Haan, MS. Mus. Lugdun., teste Bronn [2], Dall [12], e¢ al. 
Genotype—Terebratula diphyoides, d’Orbigny. 


A series of diphyoid Terebratuloids with the characters of Pygope, 
except that in the preperforate stage (onto- and phylogenetic) the 
dorsal valve carries an additional fold, and the ventral valve an 
additional sulcus. 

Remarks,—De Haan’s name is practically a nomen nudum. It 
can take no priority ; but there is no question of that. The evidence 
shows that he applied it as the generic appellation for diphyoid 
Terebratulids ; and when he gave it, also for long afterwards, all 
such diphyoid Terebratulids were lumped under the name Tere- 
bratula diphya. Asa name now seems necessary for an unoccupied 
series of diphyoid Terebratuloids, and as there is this name in 
print, it appears desirable to employ it. From the various diphyoid 
Terebratuloids which it would have covered, one is now selected 
to be the genotype, namely, Terebratula diphyoides, d’Orb. 

For forms in the bifidate stage, see d’Orbigny, pl. dix, figs. 3 & 4; 
and Pictet, pl. xxiv, figs. 15 & 16 (see Pl. XLI, fig. 18). Morphic 
equivalent of A. dilatata is Pictet, pl. xxiv, fig. 11; of A. Catulli, 
Pictet, pl. xxiv, fig. 13; of A. cor, Pictet, pl. xxiv, fig. 12; and of 
A. angusta, Pictet, pl. xxiii, fig. 2 (see Pl. XLI, figs. 20, 21). A 
remarkably transverse form with very rounded angles is Pictet’s 
pl. xxiii, fig. 7. All these forms are named J. diphyoides, but 
they represent various stages of phylogenetic development. The 
size of the perforation, the plain, straight side-margin, and generally 
the rounded-off angles distinguish these forms from their morphic 
equivalents in Antinomia. The dorsal fold and the ventral sulcus 
of the preperforate stage distinguish them from Pygope. 

For other figures of Pygites see Ooster [26], pl. v, figs. 1-3, 4? 


Pyeires pipHyoipes (d’Orbigny). (Pl. XLI, fig. 19.) 


Terebratula diphyoides, d’Orbigny, 1851, pl. dix, figs. 6-9 only. Id., Pictet, 
1867, pl. xxin, figs. 4, 5, 6, 8; & pl. xxiv, fig. 14. Id., Davidson, 1869. 


Remarks.—Davidson figures the loop of this species [14]. 


A series of Pygites spp. decreasing in size and angularity are shown 
in Pl. XLI, figs. 20-22. 


As a conclusion to these observations on the diphyoids I would 
append a few remarks :—(1) Upon some Jurassic Terebratuloids 
which show analogous stages of development; and (2) upon an 
analogous case of successive independent development of like forms 
among a certain group of Ammonites: the history of their nomen- 
clature forms a most instructive parallel to the case of the 
diphyoids. 

1 For subsequent quotation of MS. names, whether generic or trivial, I 
suggest this practice—that the name of the giver of the MS. appellation be 
hyphened to that of the describer, so as to give to the first his due—the latter 


name indicates where the description may be found. Thus this name would 
be subsequently quoted as ‘ Haan-Buckman,’ 
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(1) Analogous Stages among some Terebratuloids. 


Glossothyridoid Stage.—Notable representatives of this stage 
of development may be seen in Glossothyris nucleata and Gf. hippopus, 
in Pseudoglossothyris curvifrons and others; in Aulacothyris spp. 
var.;in Orthotoma. Some specimens of G. nucleata and of Aulaco- 
thyris Haasi, 8. Buckm., show the commencement of the next 
stage. 

Plicated Glossothyridoid Stage (Z. Huthymi-stage).—A 
species which attains to the beginning of this stage is Psewdoglosso- 
thyris galeiformis (M‘Coy); and one of the stocks of the so-called 
Aulacothyris which attains this stage is made a genus, Antiptychina, 
Zittel. Then Dictyothyris coarctata shows the full development of 
the stage—allusion is only made to its shape, not to its ornament. 

Bifidate and Perforate Stages.—Outside the diphyoids 
there seems to be no development quite analogous to these. There 
is a checking of growth in the median lobe and a protrusion of the 
side-lobes, making bilobate forms, and this is, of course, a commence- 
ment of the bifidate stage. But further than that there seems to be 
no development. Of this bifidate stage, Zeilleria spp. var. may be 
cited as examples, and perhaps Z. cornuta as a notable case. The ~ 
stage may also be noted in Cincta, and in a few Terebratule, my 
T. imtator, for example. This bilobate character is generally 
regarded as one of the special generic features of Zedlleria, so that 
the bilobate long-looped Terebratuloids are called by that generic 
name. But thisis only a stage of development at which independent 
long-looped stocks arrive. Zetlleria, like Aulacothyris, is polygenetic; 
and to obtain a true classification on genetic lines, it is necessary 
to recognize that at present these genera only indicate the stages 
of development—the Glossothyridoid and the Bilobate—of many 
different stocks. Todistinguish between these stocks other characters 
will have to be taken into account. 

Imperforate Stage.—Of other Terebratuloids in this stage 
there is no evidence, because there is none of their having come 
through a perforate stage; but attention may be directed to a form 
curiously like Antinomia pileus: it is termed ‘ Waldheimia bilobata, 
Stoppani’ by Zittel [40]; and it has even the reflected anterior 
margin—the beginning of a sulcate stage as shown in <A. pileus. 


‘Waldhemia bilobata, Stoppani’ is from the Upper Lias of Luera, 
Lombardy. 


(2) Successive Development of similar Ammonites. 


I desire to draw attention to a case of successive independent 
development of like forms among Ammonites—first, because it 
parallels the development among the diphyoids; secondly, because 
the nomenclature-history is instructive. I refer to the Jurassic 
Ammonites with knotted keel. There are two groups of these—a 
Middle Lias (Pliensbachian) and Oxfordian. The Pliensbachian 
group is in two series—the Ammonites-margaritatus set succeeded 
by the A. spinatus forms, The Oxfordian group appears at three 
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successive horizons: A. Lamberti, A. cordatus, A. alternans, typify 
the three successive series of forms. Till recently all these, with 
some other homceomorphs which lacked the knotted keel. such as 
A. oxynotus, A. fissilobatus, A. Truellit, were placed in one genus, 
Amaltheus. Now it is recognized that these various forms belong 
to different genetic series, and that the Pliensbachian and Oxfordian 
groups belong to widely-different families. The genetic series 
have received different generic names: margaritatus is Amaltheus ; 
spinatus, Paltopleuroceras; Lamberti, Quenstedtoceras; cordatus, Car- 
dioceras ; alternans, Amoboceras; while of the homceomorphous 
forms, oaynotus is Oxynotoceras, a degenerate Arietan ; fissilobatus is 
a phylogerontie Sonninia ; and Truellit is Strigoceras, of the family 
Oppelide. And further, in each of these various genera many 
species are recognized, although once it was freely argued that some 
of these different genera were but varieties of a single species. 

The separation into genera of the similar forms of diphyoid Tere- 
bratuloids is quite in accordance with this precedent. What was 
the generic grouping of the knotted-keeled Ammonites 20 or 30 
years ago is the position of the diphyoids to-day. What is the 
generic grouping of those Ammonites to-day may be expected to be 
parallel to the grouping of the diphyoids in the future. So that 
the present generic grouping of those Ammonites may be regarded 
as the prefiguration of what the diphyoid grouping will be. 
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EXPLANATION OF PLATE XLI. 


[All the figures have been reduced to one-half linear from the originals drawn 


by Mr. P. Highley. | 


The figures are arranged in four vertical columns representing the four 
supposed genetic series—the columns to be read from bottom to top. The 
corresponding morphic equivalents in each series are to be seen by reading 
horizontally. Figures enclosed in rectangles do not belong to the actual genetic 
lines, but are illustrative of certain developmental stages. 


Figs. 1-9. Antinomia. 
Glossothyridoid Stage. 


Fig. 1. Antinomia planulata(Zeuschner)/?), after Quenstedt’s figure.—a, Dorsal 


valve. with suleus; ), anterior margin, with linguiform median lobe 
(p. 441.) 


i 3 


Quart.Journ. Geol .Soc.Vol.LXII,PLXLI, 
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DEVELOPMENT OF DIPHYOIDS. 
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Bifidate Stage. 


Fig. 2. Antinomia sima (Zeuschner) (Pictet), after Pictet.—a, Ventral valve, 
showing arrested median lobe and growth of lateral lobes; 0, lateral 
view showing curved side-margin. (p. 441.) 
3. Antinomia diphora (Zeuschner) ?, after Pictet. (p. 441.) 
4, Antinomia sp. a, after Pictet.—A form showing the lobes becoming 
approximate. (p. 442.) 


Perforate Stage. 


5. Antinomia dilatata, Catullo, after Pictet.—c, Dorsal valve; 4, lateral 
view of another specimen, showing the much curved side-margin, 
atter Suess. (p. 442.) 

6. Antinomia cor (Bruguiére), after his fig. in the Journ. d’Hist. Nat. 
(p. 442.) 

7. Antinomia angusta, Catullo, after Pictet. (p. 443.) 

The above three forms (figs. 5-7) are arranged obliquely, because, 
according to the principles of tachygenesis, it does not seem possible 
for the latangulate form (fig. 5), with its continued increase of 
expansion, to haye passed into the angustangulate form (fig. 7). Nor 
does it seem possible for a narrow form like fig. 7 to have expanded 
sufficiently to produce a form like fig.5. Perhaps the forms (figs. 5-7) 
are developments of a common intermediate form. 


Imperforate. 


os) 


. Antinomia pileus (Bruguiére).—a, Dorsal valve, after his fig. in the 
Journ. d’Hist. Nat.; %, ventral valve of another specimen (after 
Pictet), showing a return to the linguiform depression of the 
glossothyridoid stage; c, end-view of another specimen, dorsal 
valve uppermost, after Quenstedt, showing a broad linguiform 
depression. (p. 444.) 


Perforate— Securiform. 


9. Antinomia ef. triquetra (Parkinson), after Pictet.—a, Ventral valve ; 
}, lateral view, showing a margin curved, but less so than in fig. 5. 
(p. 443.) 


Figs. 10-16. Pygope. 
Bifidate. 


10. Pygope sp., after Pictet, pl. xxx, fig. 5: morphic equivalent of 
Antinomia simaand A. diphora (figs. 2 &38).—a, Ventral valve showing 
latangulate form; 0, lateral view, showing almost straight margin. 
(p. 445.) 

Perforate. 


11. Pygope sp., after Pictet, pl. xxix, fig. 6¢.—A form showing the lobes 
just joing up. (p. 445.) 

12. Pygope janitor, Pictet, after his figure (pl. xxx, fig. 2 és). —Dorsal 
valye of a latangulate form, morphic equivalent of <Antinomia 
dilatata (fig. 5), but showing a remarkable difference in the size of the 
perforation. (p. 445.) 

13. Pygope deltoidea (Valenciennes), after the figure in the Ency. Méth.— 
A form with the anterior angles rounded off. IT have placed it 
directly above fig. 11, of which it seems to be the further direct 
development. It can hardly have come through P. yanitor, fig. 12. 

p. 445.) 

14. Bie Duvali, Newman, after his figures in the ‘ Zoologist.’—a, Dorsal 
valve; 4, lateral view showing straight margin. This seems to be a 
sort of dwarf P. janitor. (p. 446.) 
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Subperforate Stage. 


Fig. 15. Pygope solidescens, nom. nov., after Zeuschner.—Dorsal valve, showing 
a slight depression and a trace of the line of junction of the lobes. 
From the southern slopes of the Tatra. (p. 447.) 


Imperforate. 
16. Pygope euganeensis (Pictet), after his figure, pl. xxxiv, fig. 5.—From 
the Neocomian. (p. 448.) 


A morphic equivalent. 

17. Terebratula Euthymi, Pictet, after his figures in ‘Mél. Pal.’ livr. ii, 
pl. xxv, figs. 5 @, 0, d.—This species is the morphic equivalent of the 
dorsally plicate, ventrally sulcate Glossothyridoid, through which 
Pygites must have come ; but it is too narrow and too globose to be 
regarded as a true ancestor of the thin, latangulate bifidate Pygizes. 
a, dorsal yalye—the middle line indicating the fold in the sulcus ; 
b, ventral valve, showing the sulcus in the ridge; c¢, anterior view, 
showing the above characters. From the Diphyoides-Limestone of 
Berrias. (p. 436.) 


Figs. 18-22. Pygites. 
Bifidate. 


18. Pygites sp., after Pictet, pl. xxiv, figs. 15 & 16.—a, Young example, 
dorsal valve showing the median ridge; 4, mature specimen, ventral 
valve showing the sulcus. (p. 449.) 

19. Pygites diphyoides, d’Orb., the lectotype, after @Orbigny.—a, Dorsal 
valve, with median ridge in the preperforate stage ; 0, lateral view, 
showing straight margin; ¢, portion of ventral valve. (p. 449.) 

20. Pygites sp., after Pictet, pl. xxiv, fig. 12.,—Dorsal valve, showing 
the sulcus. Morphic equivalent of Antinomia cor (fig. 6), but with a 
great difference in the size of the perforation. (p. 449.) 

21. Pygites sp., after Pictet, pl. xxiii, fig. 2.—Dorsal valve, showing the 
median ridge. A narrow form. (p. 449.) 

22. Pygites sp., after Pictet, pl. xxiii, fig. 1. Dorsal valve. This is a 
dwarf form, and is perhaps the final expression of Pygites. (p. 449.) 

The forms (figs. 19-22) may be, unlike Antinomia (figs. 5-7), in direct 
genetic order of development: for there is a rounding-off of the 
anterior angles, and the relative width does not constantly increase ; 
consequently, by tachygenesis, a narrower and narrower form would 
be produced. 


Lrassic SpPucizs. 
Glossothyridoid Stage. 


23. Terebratula Aspasia, Meneghini=Pygope Aspasia, auct., Glossothyris 
Aspasia, auct.; after Zittel [40], pl. xiv, fig. 1.—a, Dorsal valve, 
showing the sulcus and the sharply-reflected median linguiform lobe, 
seen more clearly in 6, anterior view. (p. 438.) 

This form is not only a morphic equivalent, it is also really a 
homcomorph of Axtinomia planulata (fig. 1). From the Middle 
Lias (Pliensbachian), Cagli. 


Imperforate. 


24. Terebratula erbaensis, Suess-Pictet ‘= 7. diphya, Suess=T. erbaensis, 
Bas MS. in Pictet= Pygope erbaensis, auct. After Pictet, pl. xxxiii, 

g. 8a. 
This form may be called ahomeomorph of Antinomia and Pygope, 
imperforate species: whether it be a morphic equivalent, whether, 
that is, it has passed through a perforate stage and is connected with 
Terebratula Aspasia (fig. 23), is the interesting point. (See p. 439.) 


1 See p. 449, note. - 


or 
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Discussron. 


The Cuarrman (Mr. A. Srrauan) regretted the absence of the 
Author and the cause to which it was due. The thanks of the 
meeting were due to Dr. Bather for the lucid exposition which he 
had presented in the short time available. 

Dr. F. A. Baruur noticed that the Author had not attempted to 
explain the origin of the peculiar lobation of the diphyoid Tere- 
bratule. Presumably it was connected with the desirability of 
affording more room for the respiratory arms. The tendency was 
constantly observable in Brachiopods, from Orthis biloba down to the 
present day ; but whether the exaggerations of it were due to a 
decrease in the oxygen of the water could not be decided. It was 
interesting to compare the perforation with the lunules in certain 
sea-urchins of the family Scutellide, where, owing to the flatness 
of the test, room was provided for the inter-radial internal organs 
by projections of the test, which ultimately met, leaving radial 
perforations. But the main interest of the comparison, in view of 
the Author’s conclusions, was that this development had arisen 
independently in at least three genera—Hncope, Mellita, and 
Rotula. 

In reply to a question asked by Dr. Marr, the speaker explained 
that, although the general succession shown in the Author’s diagram 
appeared to be well founded, still the precise horizons of many 
forms described by the older writers had not yet been definitely 
settled. 
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19. The Constitution of the Inrurtor of the EartH, as REVEALED 
by Eartnauaxes. By Ricuarp Dixon Orpuam, F.G.S. (Read 
February 21st, 1906.) 


I. Lyrropucrory. 


Or all regions of the earth none invites speculation more than 
that which lies beneath our feet, and in none is speculation more 
dangerous ; yet, apart from speculation, it is little that we can say 
regarding the constitution of the interior of the earth. We know, 
with sufficient accuracy for most purposes, its size and shape: we 
know that its mean density is about 54 times that of water, that 
the density must increase towards the centre, and that the tempera- 
ture must be high, but beyond these facts little can be said to be 
known. Many theories of the earth have been propounded at different 
times: the central substance of the earth has been supposed to be 
fiery, fluid, solid, and gaseous in turn, till geologists have turned in 
despair from the subject, and become inclined to confine their 
attention to the outermost crust of the earth, leaving its centre as 
a playground for mathematicians. 

The object of this paper is not to introduce another speculation, 
but to point out that the subject is, at least partly, removed from 
the realm of speculation into that of knowledge by the instrument of 
research which the modern seismograph has placed in our hands, 
Just as the spectroscope opened up a new astronomy by enabling 
the astronomer to determine some of the constituents of which 
distant stars are composed, so the seismograph, recording the unfelt 
motion of distant earthquakes, enables us to see into the earth and 
determine its nature with as great a certainty, up to a certain point, 
as if we could drive a tuvnel through it and take samples of the 
matter passed through. The subject is yet in its infancy, and much 
may ultimately be expected of it; already some interesting and 
unexpected results have come out, which I propose to deal with in 
this paper. 


So long ago as 1894 the late KE. von Rebeur Paschwitz, recording 
the Japanese earthquake’ of March 22nd, found that the record 
showed three separate disturbances or phases, but I believe that the 
true character of this threefold disturbance was not established 
until 1900, when I showed,’ by a study of the available data, that 
the disturbance set up by a great earthquake was split up into three 
distinct forms of wave-motion, propagated at different rates and 
along different paths, giving rise to three distinct phases in its dis- 
tant record. Of these, the third and latest was shown to be due to 
surface-waves, that is to say, wave-motion propagated along, or close 
to, the surface of the earth; but it was also shown that the other 


1 Peterm. Mitth. vol, xli (1895) pp. 13-21 & 39-40. 
* Phil. Trans. Roy. Soe. ser. A, vol. cxcivy (1900) pp. 185-74. 
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two phases, forming what are known as the preliminary tremors, 
represented the cropping-out of mass-waves which had travelled 
through the earth. It is these two phases alone with which I am 
at present concerned, for the third-phase waves can obviously give 
no information regarding the interior of the earth, as their wave- 
paths lie along its surface. 

The researches of Dr. C. G. Knott’ and Dr. P. Rudzki? have 
shown that no simple form of wave-motion can be transmitted 
through the heterogeneous rocks forming the outermost crust of the 
earth, and that the records from instruments situated near the origin 
of an earthquake cannot show any sorting-out of different kinds of 
wave-motion. It is only in more homogeneous material that this 
sorting-out can take place, and it is only at a distance of 10 degrees 
of arc, or about 700 miles, from the origin that the three-phase 
character of the record begins to appear. The waves emerging at 
this distance have evidently traversed more homogeneous material 
for a part of their course; in this part there has been a sorting-out 
of the forms of wave-motion into which the disturbance has been 
converted, and the fact that the sorting-out can be detected at so 
comparatively small a distance from the origin shows that the outer 
crust must be, comparatively, very thin. I have not been able to 
collect sufficient data for an accurate estimate of its thickness, but 
this cannot be more than about a score of miles,® and below it comes 
material of a very different character, which not only allows a 
sorting-out of different forms of wave-motion, but, as has been shown 
by Prof. Milne,’ transmits these at a velocity much greater than is 
met with in the outer crust. If the figures given in the following 
pages do not bear out in detail his further conclusions regarding the 
homogeneity of the whole of the core and the rectilinear propagation 
of the wave-motion, this must be ascribed to the accumulation of 
more data than were available when he wrote. As will be seen, they 
are confirmed in essentials, so far as the outer six-tenths of the radius 
are concerned, and in the central four-tenths the first-phase waves, 
which alone were dealt with by Prof. Milne, are so little affected 
that the change might easily have escaped recognition but for the 
clue given by those of the second phase. It is, therefore, desirable 
to devote a little space to the demonstration of the reality of a 
distinction in kind between these two sets of waves. 

In my paper quoted above, I pointed out that the different rates 
of propagation of the first and second phases showed that they must 
be referred to different forms of wave-motion, which I interpreted 
as being, probably, the two known forms—compressional and dis- 
tortional—which can be transmitted by a homogeneous solid. As 


1 Trans. Seismol. Soc. Japan, vol. xii (1888) pp. 115-36. 

2 Beitrage zur Geophysik, vol. ii (1898) pp. 519-40. 

3 There is some, seismological, indication of a want of uniformity in this 
thickness, for earthquakes originating off the eastern coast of Japan exhibit a 
three-phase character at less distances from the origin than appears to be the 
case in Europe, indicating a lesser thickness of the outer crust in the former 
region. Bs vs 

4 ‘Nature’ April 9th, 1903, vol. Ixvii, pp. 538-39, 
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regards the first phase, the conclusion was only one which had 
already been suggested, and is still generally held; but, as regards 
the second, my interpretation has been traversed in two separate 
ways. 

The first is by the Rev. O. Fisher, who, believing my interpretation 
to be inconsistent with his theory of the earth, has propounded a 
most ingenious explanation of these second-phase waves.’ It does 
not seem to me that there is any insuperable incompatibility between 
Mr. Fisher’s theory of a fluid centre and the hypothesis that the 
second-phase waves are distortional. We know nothing of the 
behaviour of matter exposed to the pressures prevailing in the interior 
of the earth, and it is not wholly inconceivable that a fluid under 
pressure of millions of atmospheres might be enabled to transmit the 
distortional waves which it is unable to transmit under pressures with 
which we are familiar. Ido not, however, insist on this point, as 
it is immaterial to my present purpose: all that is material is that 
the wave-motion, in the first and second phases, differs essentially ; 
and this is accepted by Mr. Fisher. 

It is also indicated, apart from the arguments which I have already 
urged,’ by the records of Prof. Vicentini’s type of seismograph, 
composed of two heavy masses, one free to move horizontally, the 
other free to move vertically. In the records of great earthquakes 
originating at a distance of 90° of arc or more, it is found that the 
former gives a very small displacement for the first phase, while the 
latter frequently registers the maximum displacement of the whole 
disturbance. In the second phase the conditions are reversed, and, 
while the mass free to move vertically seldom gives any indication of 
disturbance, that which is free to move horizontally gives a very large 
displacement. This difference in the character of the record in the 
two phases shows that the movement is different, and incidentally 
tends to support the interpretation that I have proposed: for, if the 
first phase represents the outcrop of a disturbance transmitted 
through the earth as a condensational wave, then vertical movement 
would preponderate over horizontal at distances of 90° or more ; 
while, if the second phase is caused by distortional waves, horizontal 
movement should preponderate in it. 

This difference in the character of the records of the two phases 
may also be used as an argument against the idea which has been 
adopted in Japan,” that the first and second phases represent wave- 
motion of similar character, transmitted at different rates through 
layers at different depths from the surface, but in both cases parallel 
to, and at no great depth below, it. As this contention is incompatible 
with the figures given below, it need not be dealt with in this place, 
and the facts may be left to speak for themselves. 


1 «On the Transmission of Harthquake-Waves through th % 
Cambridge Phil. Soc. vol. x11 (1903-1904) pp. 354-61. ee 

? Phil. Trans. Roy. Soe. ser. A, vol. exciv (1900) pp. 162-66. 

3 A. Imamura, Publications of the Harthquake-Investigation Committee in 
Foreign Languages, No. 16, Tokio, 1904 and later issues passim. 
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In dealing with the data, it is necessary to make some selection 
from the large amount of material which has been collected, and to 
confine our attention to those records in which accuracy is prima- 
facie probable ; this limits us to those earthquakes the place and time 
of origin of which can be determined with accuracy, and which were 
also of sufficient magnitude to give complete records on distant seis- 
mographs. This last reservation is necessary, for many earthquakes 
of great local severity are only imperfectly recorded at a distance 
of even a quarter of the circumference of the globe, and the portion 
lost is always that of the preliminary tremors. 

These limitations leave only fourteen disturbances for consideration, 
some of which consisted of two or three distinct earthquakes, starting 
from the same origin at short intervals from each other. Of these, 
details have been published in a collected form in some cases only, 
in the others they are still in manuscript; but those that have been 
published will serve to show the manner in which scattered details 
are grouped and dealt with. The earthquakes utilized in this 
paper are :— 

1. Japan, March 22nd, 1894; 10» 22°5™, 43°°0 N., 146°'0 HE. Phil. Trans. Roy. 
Soe. ser. A, vol. exciv (1900) pp. 139-40, quoting Peterm, Mitth. vol. xli (1895) 
pp. 14-21. 

2. Argentine, Oct. 27th, 1894; 20° 55:5™, 28°°5 S., 69°-0 W. Lbid. pp. 140-142. 

3. Japan, June 15th, 1895; three shocks, 10 31:0™, 19" 3-2m, 22h 58-Om, 
39°5 N., 144°°5 E. Jbid. pp. 142-145, with some further details from Beitrage 
zur Geophysik, vol. vi (1903-1904) p. 408. 

4, Japan, Aug. 31st, 1896; 85 7-1", 39°-7 N., 140°'38 BE. bid. pp. 145-47. 

5. India, June 12th, 1897 ; 11 5:0™, 26°90 N., 91°-0 EK... Zh2d. pp. 147-49. 

6. Japan, Aug. 5th, 1897; 0> 9:-4™, 399-5 N., 144°°5 E. bid. pp. 149-51. 

7. Turkestan, September 17th, 1897; two shocks, 152 28:0", 17> 36:0™, 
39°-0N., 68°°0 E. bid. pp. 151-55. 

8, Japan, April 22nd, 1898; 23" 34:2, 39°'5 N., 143°-0 HE. MS. 

9. Japan, August 9th, 1901; two shocks, 95 23-5" and 18" 33°5™, 40°°5 N., 
141°5 EB. MS. 

10. Philippines, Dec. 14th, 1901 ; 22> 57-5™, 18°°5 N., 121925 EK. MS, 

11. Guatemala, April 19th, 1902; 2 22:0™, 14°°5 N., 91°°25.W. Proc. Roy. 
Soe. ser. A, vol. lxxvi (1905) pp. 102-111. 

12. Kashgar, August 22nd, 1902; 35 1:0™, 39°35 N., 75°°9 E. MS, 


To which may be added two earthquakes the time of origin of 
which is only known by inference from distant records, as men- 
tioned lower down :— 

13. Alaska, September 4th, 1899, 0% 20:5™; September 10th, 175 1°5™ and 
21» 39:5™; about 59°5 N., 140°°0 W. WS. 

14. Ceram, September 29th, 1899, 17 3:0™, 8°58, 1289-5 E. WMS. 


In dealing with the records, it is necessary to bear in mind that 
they are liable to certain errors. In the first place, many earth- 
quakes consist, not of a single impulse only, but of two or more, 
separated from each other by intervals of some minutes ; and it is 
not uncommon for the disturbance due to the first impulse to be 
overlooked, either because it fails to overcome the inertia of the 
instrument, or because the disturbance is too small to be recognized. 
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Secondly the disturbance, instead of beginning abruptly, as is some- 
times the case, may come in gradually; and when this is the case, 
it is easy for the times of commencement of each phase to vary by 
a minute or more, on the records of different instruments, or even in 
the reading of the same record by different individuals. Hither of 
these causes will make the recorded time late, but it also happens, 
not commonly, though often enough for the contingency to be borne 
in mind, that one station or a group of stations is affected by some 
small local disturbance, which almost coincides with a distant 
earthquake, and leads to the apparent commencement being too 
early, Apart from these sources of error, there is also that which 
may easily occur in determining the time of origin of the earth- 
quake: this will introduce an error into all the intervals, which is 
constant for each earthquake but varies for different ones both in 
amount and direction; it will, consequently, be eliminated when 
an average from a sufficiently-large number of earthquakes is taken, 
and will be partly eliminated even with the few which are at 
present available. The other sources of error are partly eliminated 
by averaging, but it is necessary to reject any records which are 
abnormally early or late, and to take only those which, by their 
close concordance with each other, show that they refer to the same 
phase of wave-motion. The average so obtained will naturally 
incline to be a little late, but is likely to be nearer the truth than 
any individual record, taken at random, and for this reason I shall 
deal, as far as possible, with averages rather than with single 
observations. 

These averages may be obtained in two ways. In Table I 
(p. 472) are given all the group-averages that I have obtained : 
that is to say, averages of the records of groups of stations and instru- 
ments, each average being that of observations of a single earthquake, 
each group consisting of at least five distinct records from distances 
differing by less than five degrees of arc from each other. 

In Table IT (p. 473) a different treatment is used. The whole 
series of records from all earthquakes, excepting those numbered 
13 and 14, were tabulated, and the average, of each group covering 
5° of arc from the origin, taken. In this way we get a group 
of averages for each 5° from 45° to 95°, which are on the whole 
better than those in Table I. 

For distances of 100° or over the possibility of averages is small, 
and I have given in Table III (p. 473) all the available records of 
first and second phases. The figures given are those originally 
determined by me, those enclosed in parentheses are times which, 
from their discordance with other records, were evidently mis- 
interpreted or are otherwise doubtful. 

It is evident that, having prepared these tables, we are no longer 
confined to the consideration of those earthquakes of which both 
the time and the place of origin are known; for, if the latter be 
known with even approximate accuracy, we can determine the 
former from distant records. This has enabled me to utilize two - 
other disturbances for filling in gaps in the series of records. 
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The first of these disturbances is the group of earthquakes which 
originated in September, 1899, off the coast of Alaska. The times 
of origin can be determined from the records of the Italian 
Observatories, which lay at distances of from 73° to 81°, and the 
only records worth considering here are those from Cape Town, 
at a distance of about 150° from the origin. In all of them the 
commencement is almost imperceptible, and the recorded times, as 
compared with the times of origin, show that it was too late to 
represent the first phase of the original impulse, except possibly in 
the case of the third of these shocks, which gives an interval of 
21:5 minutes. The second phase is well marked on all the records, 
and the times, as determined by me, on photographic copies of the 
original records, give intervals of 44:6, 45°7, and 45°5 minutes 
respectively’; the true interval, therefore, may be taken as about 
45 minutes or a little more. 

The second is the Ceram earthquake of September 29th, 1899. 
The place of origin of this earthquake can be fixed with a great degree 
of accuracy from Dr. Verbeek’s description,’ as close to 3°°5 8. lat., 
128°5 E. long. The time is not accurately known from local 
observatories ; but the earthquake was well recorded by distant 
seismographs, and the records have been collected by Dr. E. Rudolph.’ 
At Batavia, 22°-4 from the origin, the commencement was at 17" 
7-3™, and at Calcutta, 46°'4 distant, the time was 17" 11-4". Making 
the allowances indicated by Table I (p. 472), these give the time of 
origin as 17° 3:1™ and 17" 3°2™ respectively, which might be taken as 
near the true time of origin; but it will be noticed that the average- 
curve drawn on fig. 1 (p. 462) makes the averages just used to be 
about a minute and a half too early. The difference is due to one or 
other of the causes noticed above ; and it will be better to adopt the 
intervals indicated by the time-curve, and accept 17” 1-5" G.M.T. as 
the probable time of origin. 

Accepting this as the time of origin, we get a group-average of 
observations from stations at distances of 103°4 to 112°2, the 
mean value being 110°3; the mean interval for the first phase, 
from six records, is 17°1 minutes, and for the second phase, for ten 
records, is 27:3 minutes. At Cordoba (Argentina), 143° from the 
origin, the record as published in the British Association Seismo- 
logical Circulars, gives the commencement at 17" 21:8™ and the 
maximum at 175 44:3" Greenwich time. A tracing of the record 
shows that this belongs to the second phase, which is well marked, 
and commenced about *5 min. earlier. This gives intervals from 
the origin of 20°3 minutes for the first, and 42°3 minutes for the 


second phase. 


Such are the materials available, As may be noticed, there are 
discrepancies, and the time-intervals do not increase regularly with 


1 In the first case, the time is a little uncertain, owing to failure of the 
occulting watch. See Brit. Assoc. Seismological Circular, No. 1, 1900, 

2 ‘Kort Verslag over de Aard- en Zeebeving op Ceram den 30 Sept. 1899’ 
Natuurkundig Tijdschrift voor Nederlandsch-Indie, vol. lx (1900) pp. 219-28. 

® Beitrage zur Geophysik, vol. vi (1904) pp. 238-66. 
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the distance: the discrepancies being due, as has been explained, 
partly to inaccuracies in the distant records, and partly to errors in 
determining the time of origin. Another possible source of dis- 
crepancy is the possibility that the rate of propagation is not uniform 
in every direction, and that the time taken by wave-motion in 
travelling, say from Japan to Europe, is different from that taken 
by the same form of wave-motion in travelling from an equal 
distance in America. There are some indications that such is the 
case; but the difference is small, in comparison with the whole 
interval, and as the point is not material to the present investigation, 
it may be ignored, and the irregularities smoothed to a regular 
time-curve. 

This is best done graphically, as is represented in fig. 1 (p. 462), 
where the averages of groups, and the single observations not adapted 
to averaging, have been plotted, and average time-curves drawn for 
the first and second phases. 

It will be seen that the time-curves of the first two phases are 
very similar in shape, up to 120° from the origin ; but beyond this 
they differ radically in form. That of the first phase, after an 
irregularity between 130° and 140°, becomes very flat and proceeds 
almost horizontally from 150° to 180°; that of the second phase 
comes to an end at 130° from the origin, and is continued some 
11 minutes farther up. It is the explanation of these irregularities 
with which this paper is mainly concerned ; and, to simplify the 
consideration of this problem, [ have found it convenient to tabulate 
the figures represented by the time-curves, as they are more con- 
cordant and useful than the individual records. This has been done 
in the appended table (p. 464), which gives the intervals of time, 
to the nearest even minute, at each 30° of are from the origin 
to its antipodes, the value for the last-named being inferred and 
not the result of direct observation. 

In addition to the intervals of time, the mean apparent rate 
of propagation along the arc and the chord is given, regarding 
which a few words of explanation are requisite. The difference 
between the true and the apparent rate of propagation of an 
earthquake has long been familiar to seismologists. The first is 
the rate as measured along the direction in which the waye-motion 
is propagated, the latter is the resulting apparent rate of propagation, 
measured in some other direction, usually along the surface of the 
earth. Neither of these is readily determinable at any point, except 
by the construction of the time-curves, such as are drawn in fig. 1 
(p. 462); but if the time be known at two points, then the difference 
in distance from the origin, divided by the difference in time, gives the 
mean apparent rate of propagation as between those points. In the 
table (p. 464) one point is supposed to be the origin, and two values 
of the mean apparent rate of propagation in kilometres per second 
are given, according as the distance is reckoned along the surface 
of the earth or in a straight line through it. It is not suggested 
that the wave-paths lie along either of these lines, but the values 
calculated are the material from which the true form of the wave- 
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It should be noted that the intervals and resulting rates must 
not be taken too literally: the result of averaging observations is, 
indubitably, to increase the interval and lessen the apparent rates ; 
but, besides this, an allowance ought to be made for the reduced 
rate of propagation of the disturbance through the outer crust of 
the earth. The amount of these corrections is not accurately 
determinable, but as they are in the same direction in every case, 
and as both together would, probably, not amount to a minute of 
time, they may be neglected so far as the conclusions drawn below 
are concerned, 


Ill. Tus Depvorions. 


Wave-motion originating at any point in the earth will be pro- 
pagated in all directions from it, and whatever the nature of these 
waves their wave-paths will be straight lines so long as the velocity 
of propagation remains constant ; but, if this varies, the course of 
the wave-paths will be altered according to the laws of refraction, 
which are to be found in every text-book of physics. These laws 
hold good whatever be the nature of the wave-motion, although, in 
the case of elastic waves, the rate of propagation is dependent on 
two factors—the elasticity and density of the medium through which 
they are propagated. From this it will be seen that any information 
that we can get regarding the form of the waye-paths will indicate 
the changes, if any, in the rate of propagation, and thence in the 
physical condition, of different parts of the earth traversed by the 
wave-paths which emerge at different parts of its surface. 

It will not be necessary to enter into details as to the manner in 
which the wave-paths can be determined from observations of the 
time of arrival of the disturbance; for the subject has been fully 
dealt with as a mathematical problem by Dr. Kudzki’ of Cracow, 
and it will only be necessary to apply his conclusions. 

In the first place, if waves are propagated along the surface of 
the earth, or at a short distance below but parallel to it, the mean 
apparent rate of propagation, as measured along the surface of the 
earth, will be constant for all distances. This is the case, or nearly 
the case, for the third-phase waves, which are, consequently, 
accepted as surface-waves, and can, therefore, give no information 
regarding the central portions of the earth. In the first and second 
phases this is obviously not the case: in the first phase there is a 
continuous increase in the apparent rate of propagation, and although 
there is irregularity in the rates calculated for the second phase, 
these are higher for distances beyond 90° than for lesser distances. 
These facts lead to the conclusion that the first and second-phase 
waves cannot be surface-waves, nor wayes propagated a short. 
distance below the surface, but must be mass-waves propagated 
through the body of the earth. 

In considering the form of the paths along which these waves 
are propagated, it will be convenient to consider each quadrant 


1 Beitrage zur Geophysik, vol. iii (1898) pp. 495-518. 
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separately, dealing first with the wave-paths which emerge at 
distances up to 90° from the origin, and then with those which 
emerge at distances beyond that. } r 

If the rate of propagation through the earth were uniform in all 
directions and at all depths, the wave-paths would be straight lines, 
and the mean apparent rate of transmission, along the chord, would 
be the same for all distances. It is obvious that this is not so, for 
the apparent rate of propagation, as measured along the chord, 
increases continuously up to 90°, in the case of both first and second 
phase-waves. This means that the waves travel faster as they 
penetrate to greater depths, and consequently the wave-paths 
are not straight lines, but curves whose convexity is directed 
towards the centre. Besides this, the fact that the increase in 
apparent rate of propagation is proportionately greater in the case 
of the second phase, shows that the curvature of its wave-paths is 
greater than in the case of the first-phase waves. 

It must, however, be noticed that, although the increase in 
apparent rate of propagation is greater in the one case than in 
the other, yet the rate of increase as between 30°, 60°, and 90° is 
practically the same in both cases. The actual figures are as 
follows :— 


Increase of apparent velocity First Phase. Second Phase. 
along the chord ............ 30° to 60° 055 ‘118 

IDITCOM Mecsacesaaesnsacac sus sses: 60° to 90° ‘036 075 

Ratio of increments............ secre “65 “64 


These figures show that the apparent rate of propagation increases 
with the distance about twice as rapidly in the case of the second 
as in that of the first-phase waves ; that the rate of increase is not 
uniform, but diminishing with increasing distance; and that in both 
cases this alteration is in the same direction and at the same rate. 
This suggests that the increase in rate of propagation with increase 
in depth of the wave-paths is not due to their passage through 
material of a different character, but may be merely the effect of 
increased pressure and temperature, and consequently, that the 
substance of which the earth is composed—below the outer crust— 
undergoes no material change in composition or physical condition, 
at least to the depths reached by the wave-paths of earthquake- 
waves emerging at 90° from the origin. 

This much is independent of any assumption regarding the 
nature of the wave-motion, but without making some assumption 
regarding this, no further information is attainable. I shall take 
it that the first-phase waves are condensational—this being generally 
acknowledged—and that the second-phase waves are distortional, 
an assumption which I regard as more than probable, and on 
these assumptions it is possible to estimate the proportion which . 
the modulus of rigidity bears to the bulk-modulus, or resistance 
to compression. In making this estimate we may take the wave- 
paths for the two waves as being so nearly coincident that there is 
no material difference in the density of the medium. The calcu- 
lation being simple, it is only necessary to state the results, which are 
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that on wave-paths emerging at 30° from the origin the rigidity is 
“385 of the bulk-modulus, for paths emerging at 60° it is -446, and 
for those emerging at 90° it is -493; that is to say, the rigidity or 
power of resisting distortion increases at a greater rate than the 
solidity, or power of resisting compression. 

If absolute values of these two moduli are required, it is necessary 
to make some assumption regarding the density of the medium 
through which the waves are transmitted, and if it be assumed 
that Laplace’s law of densities is correct and that the mean density ? 
of the medium traversed is about the same as that at the greatest 
depth reached by the chord, we get the following values for the 
mean rigidity and bulk-modulus, both being measured in C.G.8, 
units :— 


Assumed Modulus of Resistance to 
Are. density. Compression. Distortion. 
Bae ties 3-00 151-6 x 10” 747 x 10" 
af 
COR ake 4°25 219-4 x 10°” 1323 x 10" 
Ogee chi 6-20 322-4 x 10°” 2232 x 10°” 


These figures should be regarded as arithmetical curiosities rather 
than actual measures, for, apart from uncertainty regarding the 
density of the medium, the mean apparent rate of propagation, as 
measured along the chord, is certainly less than the true mean 
rate, as measured along the actual wave-path, and the maximum 
rate is greater than this again; yet, despite this, the figures 
indicate that the material traversed by the waves is endowed with 
a very high degree of rigidity and resistance to compression. In 
the case of the waves emerging at 90° from the origin, the material 
traversed has, on the average, nearly 12 times the resistance of 
granite to compression and 15 times its rigidity; if the density 
remains constant, these figures would be reduced by about three- 
tenths, but on the other hand the maximum values will be higher. 

It must, however, be borne in mind that this high degree of 
rigidity, as against stresses of very short duration, is quite compatible 
with the yielding to stresses of long duration, which is required 
by known facts of structural geology, and need not necessarily be 
inconsistent with those movements, of the nature of convection- 
currents, which Mr. Fisher * believes to exist in the interior of the 
earth. 


Turning now to the second quadrant, it will be convenient to 
take each phase separately, and to commence with the second 
phase. 

; The table (p. 464) shows that at 120° the increase in the mean 
apparent rate of propagation is more than maintained, but too much 
importance must not be attached to the exact figures, for the inter- 
val at 120° is somewhat uncertain. Most of the records from about 
this distance are late commencements, attributed to the second 


1 Strictly speaking, the square root of the mean of the squares of densities. 
2 * Physics of the Harth’s Crust’ 2nd ed, (1889) chapters vi & xxiii. 


468 MR. R. D. OLDHAM ON THE Constitution [Aug, 1906, 


phase ; and, if these be excluded, the interval will be a little longer, 
and the apparent rate of propagation a little less, than is indicated 
in the table. 

At 150° from the origin we find a remarkable decrease in the 
mean apparent rate of propagation, which drops from an average 
of over 6 to about 43 kilometres per second, and the most 
obvious explanation of the decrease is that these waves, pene- 
trating to greater depths, have entered, and for part of their 


way traversed, a central core, composed of matter which transmits 
them at a much slower speed than that traversed by the waves 
emerging at lesser distances from the origin. The only other 
alternative is that the time-interval is wrong, and that we are not 
dealing with the second-phase waves at all. 

As regards this hypothesis, I may point out that all the deter- 
minations used at distances of over 120° are derived from my own 
examination of the original records or copies from them. In every 
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case the second phase, as adopted, presents the same characters 
as those which I had recognized at lesser distances; and if the 
times given do not refer to the second phase (in the sense used 
elsewhere by me), then this phase is not represented at all in the 
more distant records, and instead of a central core which transmits 
the waves more slowly, there must be one which is incapable of 
transmitting them at all, thus leading to the same conclusion, that 


[The broken lines represent the first phase, the broken-and-dotted lines the second 
phase, and the continuous curve the third phase. ] 


the deeply penetrating waye-paths enter matter of very different 
constitution from that traversed by the shallower paths. 


Rejecting the supposition that the second-phase waves are 
extinguished by the central core, and accepting the more probable 
one that the rate of transmission is reduced in it, there remain two 


470 MR, R, D. OLDHAM ON THE CONSTITUTION [Aug. 1906, 


important questions to be answered, namely, the size of the core 
and the rate of transmission of the waves in it. ‘ 

As regards the size of the core, we have seen that it 1s not 
penetrated by the wave-paths which emerge at 120°; and the great 
decrease at 150° shows that the wave-paths emerging at this 
distance have penetrated deeply into it. Now, the chord of 120° 
reaches a maximum depth from the surface of half the radius, and 
we have seen that the wave-paths up to this distance are convex 
towards the centre of the earth, so it may be taken that the central 
core does not extend beyond about -4 of the radius from the 
centre. 

As regards the rate of transmission of the waves, the data hardly 
deserve elaborate mathematical treatment until more have been 
collected, but it is easy to arrive at an approximate estimate of the 
rate of transmission and the nature of the wave-paths. The chord 
of 150° has a length of 12,297 kilometres, of which 8413 km. lies 
in the outer -6 of the radius and, at a mean rate of 6 km. sec., 
requires 23:4 minutes, leaving 21°6 minutes for the remaining 
3884 km., or a mean rate of 3 kilometres per second. 

This reduction in speed has an important and unexpected result, 
for it means a refractive index of 2°0 and a great deviation of the 
wave-paths as they enter the central core. Asa first approximation 
to the actual course of the wave-paths, I give, in fig. 2 (p. 468), a 
representation of what they would be on the supposition of a 
central core, occupying ‘4 of the radius, in which the rate of pro- 
pagation is one half of that in the outer shell; in this it will be seen 
that the wave-paths emerging at 150° reach their emergence after 
passing on the opposite side of the centre of the earth, and exhibit 
that concavity towards the centre which Dr. Rudzki’s investigation 
requires where increase in depth of wave-path is accompanied by a 
decrease in the rate of propagation." The actual wave-paths, 
however, are not, as has been shown, composed of straight lines, 
and the real wave-paths must be more like what is indicated in fig. 3 
(p. 469), which may be taken as correct in kind, though perhaps 
wrong in detail, as to the actual position of the wave-paths. 

The high index of refraction prevents the formation of a complete 
shadow-band, for the most extreme of the rays which enter the 
central core suffer so great a deviation that their point of emergence 
at the surface overlaps that of the last rays which miss the central 
core ; but an inspection of figs. 2 & 3 will show that there should 


} The wave-paths shown in fig. 2 give, for an emergence at 150° and ata 
time-interval of 45 minutes, a rate of transmission of 3°5 km. sec. in the central 
core, and 7:0 km. sec. in the outer shell. These values are higher than can be 
admitted ; the explanation probably lies in the shortening of these long-distance 
wave-paths which results from their curvature, as shown in fig. 3, and possibly . 
also in a lesser ratio than that of 2: 1 of the rates of transmission, or a lesser 
size of the central core. It may also be noticed that rates of 7:0 and 3:5 kin. 
sec. respectively give an interval for the diameter of about 42°5 minutes; and 
although this value cannot be accepted, it indicates a possibility that the 
emergence of the second-phase waves at the antipodes of the origin may actually 
be earlier than at a distance of 150°. 


Vol. 62.] OF THE INTERIOR OF THE EARTH, zap 


be a zone, at about 140° from the origin, where the second-phase 
waves would be so dispersed, and consequently feeble, that it would 
practically amount to a shadow, and the second phase should be 
absent in records from this distance, or much more feebly marked 
than in those from greater or lesser distances. 

The effect will be modified by the fact that the transition from 
central core to outer shell is not abrupt but gradual, though com- 
paratively rapid; yet it is worth noting that, so far as the limited 
amount of available material may be trusted, the second phase is 
certainly much less marked at about 140° from the origin than at 
distances of less than 130° or more than 150°. For instance, the 
Guatemala earthquake was recorded at Bombay, 144° from the 
origin, by three instruments. On one record no indication of a 
second phase can be found; on another it is so indistinctly marked 
that it can hardly be recognized as such; and even on the Milne 
pendulum, which shows what I take to be the second phase most 
distinctly, it is not at all characteristic. The Batavian record of 
this same earthquake, at a distance of 160° from the origin, shows 
it much more distinctly; and on the Cape-Town records of the 
Alaskan earthquakes at 150° from the origin it is easily recognizable. 

These considerations lead to the conclusion that the time-curve 
of the second-phase waves is not a continuous line. Up to about 
130° it is continuous, and represents the emergence of waves which 
have travelled directly from the origin; beyond that distance it 
represents waves which have been refracted, after passing on the 
opposite side of the centre of the earth, and it would be misleading 
to join the two into one continuous curve. For these reasons, the 
second-phase time-curve has been drawn as it 1s shown in fig. 1 


(p. 462). 


We may now turn to the first-phase waves, and see how they are 
affected by the central core. At 120° the increase in mean apparent 
rate of transmission is maintained, but at 150° the rate has dropped 
to 9°76 km. sec., and the value is a good one. There can be no 
doubt that the drop is real, but it is much less than in the case of 
the second-phase waves, and merely represents a diminution of the 
rate of propagation by about one-tenth. 

From this it will be seen that the central core behaves differently 
from the outer shell with regard to the first, as with regard to the 
second phase, but the change. is much Jess in amount, and would 
probably have remained undetected were it not for the very con- 
spicuous alteration in the case of the second-phase waves. 


IV. Concuvustons. 


From the considerations detailed in the foregoing pages, I conclude 
that the interior of the earth, after the outermost crust of hetero- 
geneous rock is passed, consists of a uniform material, capable of 
transmitting wave-motion of two different types at different rates of 
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propagation: that this material undergoes no material change in 
physical character to a depth of about six-tenths of the radius, such 
change as takes place being gradual and probably accounted 
for sufficiently by the increase of pressure; and that the central 
four-tenths of the radius are occupied by matter possessing radically- 
different physical properties, inasmuch as the rate of propagation 
of the first phase is but slightly reduced, while the second-phase 
waves are either not transmitted at all, or, more probably, transmitted 
at about half the rate which prevails in the outer shell. 

If these waves are to be explained as those of condensation and 
distortion, then the ratio between the modulus of rigidity and the 
bulk-modulus is only two-thirds of that obtaining in the outer 
shell; but whether this interpretation be adopted, or that of 
Mr. Fisher, or some other yet unproposed, we still have a central 
core the behaviour of which with regard to these waves differs 
materially from that of the outer shell. I do not propose to enter 
into speculative grounds, or to offer any opinion as to whether this 
central core is composed of iron, surrounded by a stony shell, or 
whether it is the central gaseous nucleus of others. On this 
occasion, it is enough to have shown that there is a difference 
which cannot be overlooked, and must be taken into account in any 
hypothesis that may be formed regarding the constitution of the 
interior of the earth. 


Taste I. 


Grovur-AVERAGE INTERVALS FOR PRopAGATION or First- anp Suconp-PrasE 
WAVES FROM THEIR ORIGIN TO THE PLACE OF OBSERVATION. 


First Phase. Second Phase. 
Distance : __| Larthquake. 
Degrees. | Ser, No. 
Observ. | Interval : Observ. | Interval: 
No. Minutes. No. Minutes. 

23°4 6 4:2 aes ao 12 
41-7 wae ro 8 15:0 7 
45°9 17 82 ai 15:1 12 
48°5 5 80 a3: se 8 
53°1 5 9] es ne . 
64:2 13 12°4 11 20°7 5 
78:0 7 13°5 5 24-4 Mh 
83:3 33 12:8 30 23:5 9 
85:2 is) 14:8 iss Aae it 
86°83 5 141 8 24°6 4 
86°8 a 145 10 25°2, 8 
87°9 Rae a 6 25°F 3 
88:1 9 spit 7 24-4 6 
90:8 20 14:8 14 25°1 11 
92°3 11 3 8 246 10 

145°6 5 21:7 Pes tH. 11 


AVERAGE FOR ALL HARTHQUAKES, GROUPED FOR INTERVALS OF 5° oF ARC. 


Taste LI. 


First Phase. Second Phase. 
Distance: 
Degrees. - as 
Observ. Interval : Observ. Interval : 
No. Minutes. No. Minutes. 
45 14 83 8 15:0 
50 8 | 84 awe ‘ne 
55 Ui | 9:2 As. nee 
65 13 11:8 11 19°8 
70 9 11:9 9 22°9 
75 8 13-1 8 23°6 
80 13 WAY) 10 23'8 
85 42 136 47 241 
90 36 | 150 37 24:9 
95 14 13:9 12 25'3 
Taste ILI. 


InTeRVALS FROM Oricin TO ComMMENCEMENT OF First AND Suconp PHasEs, AS 
RECORDED AT DisTAnces OF OvER 100° rrom THR ORIGIN. 


Distance. 


100°3 
102°5 
102°8 
| 1045 
108°5 
1085 
110-7 


inlitsg 
113°9 
1176 
118°4 
1202 
120°9 
121:3 


| 1238 
1248 
134-9 
1429 
1441 
1468 
149-8 
154-4 
157-4 


1604 


Earthquake No. and Place 


of Record. 


Christchurch (N.Z.)......... 
San Fernando 
Cape Town 
Tiflis 


SO ne ee 


Cape Town 
Nikolaiew 


Christchurch (N.Z.)......... 
Kharkow 
Tashkent 


Baltimore 
Trinidad 


Oaloutin: Witte e ews, 
Bonibaneccsceccanescces esses 


99 te eee een eer en en ceeeee 
eee erect ec ees ccetesces 


Perth (W.A.) 
Trinidad 


reer er rer err errr err eer 


First Phase. 


15:0 
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ee oe CO a We 
ABWANIDAKADWORS® 


Second Phase. 
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Discussron. 


The PresrpEnr referred to recent physical speculations as to the 
condition of the earth’s interior, and particularly to those of 
Arrhenius. There could be little doubt that we were on the eve 
of important additions to the data hitherto available for discussing 
this subject. The establishment of accurate self-registering instru- 
ments all over the world for recording earthquake-movements had 
provided a new method of investigation, as the Author had shown 
by his previous papers and by the interesting communication that he 
had now made to the Society. In his diagrams, the Author had 
represented the path of the wave as abruptly refracted against the 
inner nucleus of the globe; but he would no doubt admit that there 
must be a gradual transition from the material of the nucleus into 
that of the external portions. The President was glad to hear the 
Author’s generous recognition of the value of the work accomplished 
by Prof. John Milne, who must be regarded as the great pioneer of 
modern seismology. Prof. Milne had been recently invited by the 
Royal Society to give the Bakerian Lecture next month, on recent 
advances in seismology, a lecture to which physicists and geologists 
were looking forward with much interest. 

Dr. J. W. Evans enquired as to the nature of the difference 
between the waves of the first and second phases recorded by 
seismographs. 

Mr. A. P. Youne wished to ask whether he was right in supposing 
that the Author’s hypothesis required a division of the earth’s sphere 
into two portions—a highly-refringent core, separated by a distinct 
boundary from a rind of greater elasticity. Ifthat were the case, the 
speaker thought that he saw the necessity for some postulate as to 
the conditions of elasticity in the outer shell, on the basis of which 
the curve of the rays, and ultimately the diameter of the core, might 
be estimated. 

Mr. G. W. Youne understood that, if one type of seismograph 
were used, the waves of the third phase were much larger than those 
of the second phase, while with another type of instrument the reverse 
was the case; so, apparently, the relative sizes of the waves depended 
upon the instrument used. Did not that make it difficult to determine 
which of the two phases was really the more powerful ? 

The Avruor, in reply, said that he believed that the passage from 
the outer shell to the central core was probably gradual, but certainly 
rapid. The supposition of an abrupt change was convenient, as the 
passage seemed to be so rapid that it would only be represented 
by a line on the scale used in the diagram ; whether gradual or 
abrupt, there would be no difference in the ultimate amount of 
refraction. The difference in character of the seismograms depended 
on the fact that pendula of short period were usually fitted with - 
arrangements for a large multiplication of the actual displacements. 
The record of the first and second phases being mainly due to 
inertia, and the actual displacement being approximately the same 
in each case, the resulting record was naturally larger in the case of 
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those instruments giving the greater amount of amplification of the 
record. In the third phase, the record was principally due to tilting, 
added to the natural swing of the pendulum, and the displacement 
due to these causes being much greater in the case of horizontal 
pendula of comparatively-long period, the record was naturally 
larger, despite the lesser degree of magnification. In practice 
there was usually no difficulty in allowing for the differing 
behaviour of different types of instrument, and in recognizing the 
phases of the disturbance despite their great apparent contrasts 
in appearance. As regarded the interpretation of the record and 
the types of wave-motion, he believed that the one adopted by him 
was most in accordance with all the facts; but he was ready to 
adopt the Rev. O. Fisher’s alternative explanation of the second- 
phase waves. So far as the conclusions drawn in his paper went, 
the only essential point was that both these phases are due 
to mass-waves of two distinct kinds, both propagated 
through the earth, and not along or parallel to its surface. 
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20. The Eruption of Vesuvius in Aprit 1906. By Prof. Grusnprx 
pE Lorenzo, For.Corr.G.S.’ (Read May 9th, 1906.) 


Arter the great eruption of April 26th, 1872, the exhausted volcano 
lapsed into comparative repose for three years, a repose marked by 
merely solfataric phenomena, to awaken again in 1875, however, to 
a state of strombolian activity, which continued until the beginning 
of this present month of April, punctuated now and then by phases 
of lateral outpourings of lava, such as those of the years 1885, 1889, 
1891, 1895, etc. In the course of these the great cone was fissured, 
and there flowed from the fissures month after month and year after 
year, piling up on itself, a lava mostly of the Pahoehoe type, dense 
and pasty, that is, insufficiently saturated with steam and superheated 
water. 

Meanwhile, however, the quantity of this water was slowly 
increasing within the subterranean furnace, as was proved by the 
great outbursts from the principal crater, which took place in May 
1900 and September 1904. As the amount of this steam and the 
degree of its tension continued to increase, on May 27th, 1905, 
fissures were rent in the north-north-western wall of the cone, 

‘whence rivulets of lava began to pour forth, from an altitude of 
about 3600 feet. This went on until the beginning of the present 
month of April, the new lava finding its way down the little valley 
which runs between the two hills of lava heaped up by the 
eruptions of 1891 and 1895, and flowing also westward in such wise 
as to cut the electric railway along that portion of the track which 
lies between the Observatory and the cable-railway. 

And now, on the morning of April 4th, the great cone, probably 
unable to withstand any longer the increased tension of a magma 
already saturated with steam, was cleft on its south-south-eastern 
flank by long fissures, corresponding as to their axial planes with the 
fissures torn in previous years in the opposite flank. On the 5th, 
from the base of one of these freshly-opened fissures, near the Casa 
Fiorenza, at an altitude of some 2460 feet above sea-level, a small 
stream of lava poured forth, while from the principal crater a great 
jet of steam burst with explosive force, laden with scoriz and lapilli 
caught up from the new cone. Then ensued a pause in the flow of 
lava, during which interval the steam, now freed from an excess of 
pressure, made ready for a fresh effort. 

And so, between the 6th and 7th of April, while the great 
threatening pillar of black and brown lapilli was looming ever more 
colossal towards the heavens, occupying well nigh one half of the 
northern horizon, deeper and longer fissures than before yawned in 
the south-eastern wall of the cone. From the orifice previously 
mentioned, from another which opened up below the Valle dell’ 
Inferno, and more particularly from a third, near the so-called 


* Translated from the Italian by the Assistant-Secretary. 
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Cognoli (at an altitude of about 2000 feet), issued a great mass 
of fluid lava, scoriaceous, and laden with steam, like unto that of 
1872. In a very short time this stream advanced close to the 
cemetery of Boscotrecase, devastating remorselessly on its way farm- 
houses and vineyards. 

Then ensued another pause, in some sort preparatory to the 
maximum outburst, which took place during the night of the 7th 
to the 8th of April. During the evening of the 7th there were 
formidable explosions from the principal crater, spurting 3000 
feet up into the sky fragments of incandescent material; and these 
explosions reached a climax between midnight and dawn of the 8th, 
causing the earth to quake as far as Naples itself, and belching 
forth an enormous quantity of scorie and lapilli derived from the 
magma, as well as masses of the crateric cone, which was by this 
time in course of demolition. These ejectamenta, impelled by 
a strong south-westerly wind, destroyed the villages of Ottajano 
and San Giuseppe, burying them beneath a layer of lapilli more 
than 2 feet thick, and killing some 200 of the hapless inhabitants. 
Moreover, the cloud of ashes descended threateningly on Nola, crossed 
the Apennines, and swept over the Adriatic into Montenegro. 
Concurrently with this outburst, the cone was cleft more deeply 
than ever before towards the south-south-east, while a fresh stream 
of scoriaceous lava rushed tumultuously forth, overwhelming that of 
the preceding day, cutting off the village of Boscotrecase in two 
portions of it which are called the Oratorio, and reaching within 
a few hours the cemetery of Torre Annunziata, against the walls of 
which it stopped, breaking into two branches. 

With this outburst the maximum tension of the steam-saturated 
magma relieved itself, the climax of paroxysmal eruptivity was 
overpassed, and in the course of the 8th of April the decrescent 
phase began, though still alarming and dangerous. In fact, owing 
to the tremendous shock of the explosions, and the withdrawal of 
support by the outflow of lava from its flanks, the cone of the 
principal crater collapsed, having been cleft to a depth exceeding 
300 feet. Thereby it choked up the throat of the volcano, and 
opposed a fresh hindrance to the ejection of the steam still present 
at some depth below. In the evening of the 8th this steam burst 
forth continuously in huge jets from the crater, but without otherwise 
causing. any considerable commotion, carrying with it the com- 
minuted fragments of the cone in the shape of immense rolling 
clouds of dust which soared majestically into the sky up to heights 
of 21,000 or 22,000 feet or more. These formed a great leaden 
‘pine, enveloping the ordinary clouds of the atmosphere, across 
which zigzagged every now and then flashes of lightning accompanied 
by a tremendous roar of thunder. ‘This imposing spectacle was 
magnificently seen from Pompei, as the wind, still blowing from the 
south and south-west, impelled the gigantic cloud of dust to move 
northward and north-eastward ; it descended with fatal effect on the 
Campania Felice, accompanied by showers of mud-laden rain and 
emanations of sulphur-dioxide (SO,), mantling the countryside with 
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a grey shroud, which even at a distance of over 9 miles from the 
crater approaches an inch in thickness. 

On the morning of the 9th the wind veered round to the north-east, 
blowing the dense column of dust, which interposed like a great veil 
between Naples and Sorrento (fig. 2, p. 480), first towards Ischia 
and then towards Capri, causing it to drift south-westward until it 
deposited the material with which it was laden far into Spain. This 
wind lasted over the whole of the 10th of April as well—with grave 
results to Torre del Greco, which, lying directly in the track of the 
dust-cloud, was enveloped in pitch-darkness for two days, buried 
under a layer of dust a foot thick, and would have assuredly suffered 
the same fate as Ottajano, had not the wind again veered in the 
night of the 10th to the 11th, impelling northward the death-dealing 
cloud. Blown hither and thither, now by the sea-breeze, now by the 
land-breeze, this cloud hovered over the environs of Naples during 
the 11th and 12th, until on the day on which I am writing (the 
13th) it seems finally to have bent its course to the northward. 

Although several violent outbursts have taken place at intervals, 
there is no doubt that the height of the cloud-column (or ‘ pine’) 
aud the quantity of dust have on the whole diminished continuously 
from the 9th until this day (the 13th), and probably they will go on 
decreasing until all but complete exhaustion of the steam. The very 
character of the dust is no longer the same. That of the 5th of 
April consisted of dark blunt-edged granules, derived directly from 
the (as yet unaltered) new cone; while that of the 6th, 7th, and 8th 
became increasingly mixed with fragmental material of a lighter 
colour; the dust of the evening of the 8th and the following days, 
of a grey or pinkish colour, was entirely made up of débris of the 
broken-down old cone, which had already been subjected to the 
influence of fumarolic and atmospheric agencics. 

The great cone, owing to the collapse of its upper portion, now 
presents, as seen from Naples, an almost horizontal rim, very little 
higher than the summit of Monte Somma, with a crater which may 
exceed 1500 feet in diameter. The base of the cone has been 
considerably broadened by the great mass of fragmentary material 
which has been projected from it. Moreover, the cone itself now 
looks white, as if covered with snow, owing to the pale coloration 
of the ash and the sublimates of ammonium-chloride and sodium- 
chloride with which it is encrusted, with perhaps, in places, chlorides 
-of iron. 

The effect on vegetation of that suffocating pall of dust cannot but 
be baneful. ‘There where the lapilli and scoriz fell thickest, dead 
birds are seen to bestrew the ground, with wide-open beaks, as if 
asphyxiated. Asphyxia, then, was one form of peril, but the greatest 
havoc was wrought by the very weight of the ejectamenta which 
crushed in the buildings, as was the case at Pompei. The lava- 
flows, on the other hand, although they permanently bury the 
ground out of sight, leave time to man and beast to seek safety in 
flight. The smaller plants take fire at the touch of the lava; but 
the bigger trees, whether struck down or left erect, do not catch fire, 
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and their unsinged leaves and blossoms form a gay canopy over the 
stream of smoking lava, which surrounds them up to a height of 7 
or even 10 feet, and flows onward. It may be that around such trees 
a scoriaceous crust forming instantaneously on the lava prevents 
immediate combustion, and they merely wither away slowly from 
desiccation. 

[During the 7th and 8th of April the sea-level was lowered all 
along the neighbouring coast, by as much as 12 inches near Portici, 
and as little as 6 near Pozzuoli, and has not so far (April 13th) 
returned to its previous level. This would imply that there has 
been a real elevation in this part of the earth. ] 

It remains to mention that the lava, lapilli, and dust of this 
eruption are of the usual leucotephritic character observed in all the 
eruptions of Vesuvius, from 1872 until the present day. 


The eruption of which a brief account has been given took place 
in clear and calm weather, while the barometer was high, and the 
sea was quite exceptionally smooth. The maximum of eruptivity 
coincided almost exactly with the full moon. The volcanoes of the 
Phlegrwan Fields and of the Islands remained in their normal 
condition, which goes to prove that the shocks recorded in March at 
Ustica, and the Calabrian earthquakes of last September, had no 
connexion whatever with the phenomena here described. 

Next to the great eruptions of 79 a.p, and 1631, I believe that 
the recent eruption is one of the greatest that history records from 
Vesuvius. 


Postscript. 


[Up to May 1905 the principal cone of Vesuvius had reached an 
altitude of 4,362 feet above the sea, being thus 650 feet higher than 
the crest of Monte Somma (3,712 feet above sea-level). In 
consequence of the eruption of April 4th/8th, 1906, and especially 
after the great explosions and fissurings which took place during the 
night of the 7th to the 8th, the cone of Vesuvius has changed 
completely in shape, being obliquely truncated by a new crateric 
rim, which on the south-west attains an altitude of 4,133 feet, and 
on the north-east an altitude of 3,673 feet above sea-level. This 
obliquity of the crater and of the explosions, directed north-east- 
ward, as if proceeding from a siege-mortar trained in that direction, 
contributed far more than the prevailing wind to the destruction 
of Ottajano by masses of lapilli and scoriz. The crater thus 
formed opens upward like a cup with oblique sides, and then plunges 
downward like a chimney with vertical walls, of which the depth 
cannot be ascertained beyond 650 feet down. The external crateric 
rim reaches perhaps a diameter of 1640 feet, and the throat 
of the internal chimney can hardly measure less than 1000 feet in 
diameter. 

The great explosions hurled into the air (together with the 
pulverized magma, and the material of the fissured cone crumbled 
into dust) blocks and fragments torn out of the cone, which had 
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previously undergone the action of fumaroles, in such wise as to 
originate the formation of minerals of metamorphic nature. Con- 
sequently, not only do chlorides and sulphates abound, but also 
ejectamenta of big crystals of magnesian mica, hornblende, pyroxene, 
etc., sometimes occurring singly, and sometimes grouped together in 
erystalline blocks such as those described by A. Seacchi from the 
eruption of 1872, and among which the presence of sylvite is note- 
worthy.— May 30th, 1906. | 


Discussron. 


The Cuarrman (Mr. A. Srranan) remarked that it had been a 
pleasure to hear this interesting aceount of the recent eruption from 
one of the Foreign Correspondents of the Society. The British Isles 
had been not inaptly described as a Museum of Geology, but they 
could show no active voleano. _ 

Mr. W. V. Bart desired to know whether the extraordinary 
phenomenon of the sinking of the sea-level after an eruption was a 
frequent consequence of volcanic eruptions. He did not remember 
hearing of any such occurrence before; but there was doubtless 
some eminent geologist present who could enlighten him on that 
point. 

Prof. Garwoop said that he would like to call attention to the 
photograph and samples of dust exhibited through the kindness of 
Mr. Arthur Collins, who was present at Naples during the eruption. 
The dust illustrated in an interesting manner the variation in 
character which it underwent as the eruption progressed, owing to 
the changes which took place after the collapse of the cone, as 
described by the Author in his paper. 


484 THE REV. E. HILL ON THE [Aug. 1906, 


21. The Cuarx and Drivt in Moen. By the Rev. Epwin H111, 
M.A., F.G.S. (Read March 21st, 1906.) 


Tur volume for 1899 of the Quarterly Journal of the Geological 
Society contained a paper by Prof. Bonney and myself on the 
‘Relations of the Chalk & Drift in Moen and Rigen,’ ! in which 
we expressed the opinion that the existing dislocations of the Chalk 
had been produced before the advent of the Drift. 

In 1904, there appeared a second edition of ‘ Danmarks Geologi,’ 
by Prof. N. V. Ussing.? This, on p. 89, mentions the phenomena 
of Méen, and some of the explanations of them put forward. 
Forchhammer, it says, assumed that they were results of plutonic 
forces: Johnstrup considered them to be caused by the thrust of 
the mighty inland ice-sheet which passed over Denmark: German 
writers more recently have explained them as consequences of 
widespread earth-movements, with or without ice-thrust. But 
there is no allusion to the view taken in our paper; therefore 
I think that it may be useful to publish the results of further study 
made by me in 1903, 1904, and 1905. 

The problem of Moen is to account for the position of some 
isolated small portions of clay, seen here and there included in the 
Chalk along a range of chalk-cliffs some 4 miles long. The beds 
are much dislocated. Forchhammer, followed by Puggaard and 
Lyell, regarded the disturbances as subsequent to the Glacial 
deposits, and the Drift-inclusions as portions engulfed. Johnstrup, 
regarding the disturbances as due to thrust of the ice-sheet, con- 
sidered the Drift-inclusions as introduced by the same agent. 
Prof. Ussing remarks that the inclusion of Quaternary deposits 
between portions of Chalk proves the disturbances to be of 
Quaternary age. It is thus universally assumed that the inclusions 
occupy dislocations, and entered them while they were being 
produced. Prof. Ussing, while noticing the different theories, does 
not appear to adopt any of them, and points out objections to 
each: other difficulties are mentioned by Prof. Bonney and myself, 
in our paper. I am now able to bring forward evidence that the 
dislocations had been produced before the Drift 
entered them: that they are older than the Ice-Age, 
and accordingly are not the work of ice-thrust, nor 
yet of post-Glacial disturbances. 

Storre Taler is a headland of Chalk over 300 feet high,*from 
which a wall of chalk runs southward, banded with flint-lines which 
undulate, but on the whole lie horizontally. High up on the face 
of this wall can be seen three or four oval hollows lying at the same 
level. All their contours are rounded, at their bases are accumu- ° 
lations of flints, and they have every appearance of being water- 
worn cavities. They are filled with Drift: and so must have 


* Quart. Journ. Geol. Soc. vol. lv (1899) pp. 305-24. 
* Danmarks Geologiske Underségelse, ser. 8, No, 2. 
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existed before the Drift came. Here, at any rate, the Drift- 
inclusions must have been introduced into pre-existing cavities. 
These cavities were not caused by ice-thrust or by post-Glacial earth- 
movements. 

Dronningstolen is a long cliff, more than 400 feet high, of much- 
disturbed and fractured Chalk. Two fissures are conspicuous on 
the face. They start from a hollow on the cliff-edge and diverge 
right and left, running down through some half the height of the 
vertical chalk-wall. At two or three points they widen out into 
large cavities ; but ultimately they die away in cracks. The shapes 
of the cavities are not such as would be expected from dislocation 
by ice-thrust or earth-movement. Examination showed that the 
roof of the largest one was undulating, arched, waterworn. Here, 
therefore, are fissures enlarged by percolation of water. But the 
hollow from which they start, the fissures themselves, and the 
cavities, are filled with Drift. These cayvitics must have existed 
before the Drift came: they are formed in fractures, consequently 
the fractures must be older than the Drift. 

The cliff of Dronningstolen is ended on the north by a deep 
gully. Beyond this projects the headland called Forchhammers 
Pynt : the southern face of this is a vertical white wall, which drops 
into the gully about 200 feet above the sea, and the same distance 
below the summit. On this white face, at some height above the 
gully-bed, is a patch of stones, apparently plastered on to the face. 
The stones are large, some measuring a foot across. Examination 
shows that the end of the patch is overhung, and to some extent 
overarched, by the Chalk. So, here again, there seems to be a 
waterworn cavity. But the gully is filled with Drift, which extends 
continuously from the beach to the top of the cliff, and itself 
contains large stones. Thus the stone-patch and gully appear to be 
relics of a clay-filled fissure, and corroborate the conclusion that the 
disturbances are considerably older than the Drift. This is fatal to 
Johnstrup’s theory that the thrust of the ice-sheet was their cause, 
and fatal to the general assumption of their Glacial or post-Giacial 
age. 

*Waterworn cavities must arise in a shattered mass of Chalk such 
as Méens Klint, for water percolating along lines of fracture must 
enlarge them into clefts and cavities. This process must still be 
going on. ‘The singularly-irregular hill-surface has many dry 
basins.! The water which might gather in these, but does not, 
must find its way along subterranean channels. Some of it issues 
by the spring of Maglevand, the most copious along the cliffs. 
This breaks out about 100 feet below the cliff-edge, and pours quite 
a considerable stream down to the sea. 


Besides the three cases of Drift-inclusions just described, many 
others occur, belonging to several types. ‘There are notches filled 
with Drift, as one on the face of Hylledals Klint, which was 


1 Noticed by Puggaard, 
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figured in our former paper.! There are bands of Drift seeming to 
run a few yards horizontally, as a group of two (or three) on the 
cliff north of Maglevand, and one figured in a former paper.” There 
are gullies lined with Drift, some extending from beach to cliff-top, 
as, for example, one between Storre and Lille Taler. Where these 
reach beach-level and can be examined, they consist of a dark stony 
clay. One nearly-horizontal bed, under the cliffs of Slotsgavelne, 
can be followed for about 100 yards, till it sinks below the shingle. 
It seems to be about 15 feet thick, and most of it is hidden by talus, 
but one or two rain-water gullies had laid bare its upper part, and its 
junction with the Chalk above. Fora few inches below the Junction 
it is slightly streaked: after that, it is a dark tough Boulder-Clay 
containing numerous stones. 


Can all these varieties of Drift-inclusion be accounted for, 
consistently with the pre-Glacial age of the disturbances? I think 
that they can. 

The Chalk after extensive disturbance would not be left with a 
level surface. There would almost certainly have been a hill-country 
such as we find now; and that hill-country would, most probably, 
have faced the sea in a line of cliffs, such as we now find on all 
the Chalk-shores which face the Baltic: Ritgen, Moen, Stevns 
Klint. In Glacial times the Drift came. It still lies against the 
northern and southern ends of the present hill-country, to a thickness 
which, in places, exceeds 160 feet. It runs up the slopes to their 
summits, and may be seen capping the highest cliffs. It occupies 
all the inland country. Thus the Chalk-hills are now overlain by 
a mantle of Drift, and if at its deposition there was in existence 
a range of cliffs, it would have sloped up against that range. 
The present cliffs are indented with valleys, gullies, clefts, some 
deep and narrow, scarring the cliffs from summit to base ; recesses, 
as will be described hereafter on Sommerspiret ; horizontal furrows, 
where the Chalk overhangs the slopes below. There would be similar 
hollows in the pre-Glacial cliffs, and the mantle of Drift would fill 
all. When denudation began, it would proceed to remove this 
mantle. A stage must come in which the range of cliffs would 
begin to be exposed again. They would show chiefly Chalk, but 
much Drift would remain in the valleys and gullies, and in recesses 
or sheltered grooves of the cliffs. The aspect at such a stage 
would be similar to the aspect presented now. I think that every 
variety of Drift-inclusion which we find is accounted for, if we 
suppose the cliffs that we see to be actually in this stage of the 
denudation. Former caves and recesses would show on the cliff-face 
as patches of Drift; former horizontal grooves would appear to be 
bands ; gullies might retain a Drift-lining ; while the deeper valleys 
would again be valleys, but nearly filled with Drift. 


* Quart. Journ. Geol. Soe. vol. lv (1899) p. 308, fig. 1 (there called section 
at Forchhammers Pynt). 


2 Thid. p. 309, fig. 2 (section in cliffs near Sandskredsfald). 
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Papers by Prof. Bonney and myself have shown ' that in Riigen 
also the Chalk suffered extensive pre-Glacial disturbance. The Dritt- 
inclusions there are of a different nature, but reasons can be seen. 
In Riigen they occupy V-shaped trenches, down which brooks run 
to the sea. The surface of the high ground in Méen is much less 
extensive: there are no brooks comparable with those in Riigen, and 
no such V-shaped trenches. The Drift in these Riigen trenches 
shows beds of clay with intercalated sand. ‘There is no such well- 
marked stratification in the Moen Drift: at a distance of so many 
miles, similarity is not to be expected. There are, however, in 
Moen, indications of bedding or banding in the clay at several 
points. Also there are, as in Riigen, some indications of a more 
extensive succession. The Drift at beach-level is almost always 
clay : at the mouth of a valley called Sandskredsfald, shingle is seen 
above the clay in well-marked beds, to a thickness of some 60 
feet or more; and some shingle is seen elsewhere. Sand is seen over 
clay in several places, and over the shingle wherever that occurs. 
Many large boulders are scattered over the sand, and are found 
even on the highest parts of the hills. The largest of all, called 
Svantevidsten, about 8. feet in its smallest dimension, lies but a 
few feet below the top of Aborreberg, the highest point of Moen. 
Thus here, as well as in Rigen, there seems to be a succession in 


the Drift. 


I made some other observations which seem worth putting on 
record. 

Chalk-slopes rise from the beach to the base of the cliffs some 
60 or 80 feet, and in gullies and recesses run up to any further 
height. At first sight, one would take these for talus-slopes, built 
up of débris from the cliffs. But they are not talus: the débris on 
them is only 2 or 3 inches deep ; below they are slopes of solid chalk. 
I first noticed this in rain-water channels; and afterwards in places 
where the waves have begun to cut into their bases. The lines of 
flint in them are seen to be continuous and unbroken, as in the 
cliffs above. At my last visit, it appeared to me that this process of 
cutting into these slopes, and forming fresh miniature cliffs at their 
bases, had only begun in the last year or two. Without attempting 
any hypothetical explanation of these solid regular slopes, I certainly 
think that they suggest some succession of changes in the relative 
positions of land and sea. If so, do they not constitute a warning 
against assertions that denudation since Glacial times must have 
produced this or that amount of effect? For they remind us of 
our ignorance as to the times during which denudation has been 
active or quiescent. 

Sommerspiret is a headland crowned with a pinnacle of Chalk. 
Its southern side, under the pinnacle, is a nearly vertical cliff-face. 
Over this face are scattered hollows, showing white against a grey 
weathered surface. There must be a skin of tougher material 
protecting softer material behind it: wherever the skin has given 


1 Quart. Journ. Geol. Soe, vol. ly (1899) p. 315 & vol. lvii (1901) p. 16. 
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way, wind and rain have eaten outa cavity in the softer Chalk. The 
beds are vertical, the pinnacle being one result of this bedding, so 
the face may be a harder bed. As erosion proceeds, some hollows 
will join and produce projections. Like projections and hollows, 
if existing when the Drift was laid down, would form shelters for 
it, and when denudation commenced would long preserve remnants. 
Such may be the explanation of some among the isolated Drift- 
patches on the Chalk-cliffs. 


Mien has sometimes been cited as a parallel to Cromer. In 
truth, the two are contrasts. At Cromer we sce long cliffs of soft 
Drift containing here and there masses of included Chalk. Moens 
Klint shows long and lofty stretches of solid Chalk-cliffs, containing 
here and there appearances which resemble portions of included 
Drift. However, beyond the Chaik-cliffs, both to the north and to the 
south, the overlying mantle of Drift forms a bank above the beach 
which gradually sinks to sea-level. In this Drift, more than a mile 
away from the Chalk in a northerly direction, may be seen two 
or three boulders of Chalk measuring several feet in length. One 
in particular lies obliquely, and has bedded sands attached to it 
both above and below, quite like some of the Cromer Chalk-boulders. 
This isolated instance of likeness in the associated Drift serves to 
emphasize the contrast, between the solid continuous chalk-face of 
Méens Klint and our Cromer cliffs. 

The explanation, then, of the seeming Drift-inclusions in Moens 
Klint, appears to be that the Klint is a range of Chalk-hills, pre- 
Glacially disturbed, scarped, and eroded, over which in Glacial 
times a mantle of Drift was laid down. Of that Drift which lay 
against the scarp we see relics remaining in valleys, as we see 
Boulder-Clay occupying bays along the Yorkshire coast. It filled 
pre-existing tunnels, cavities, recesses, and fissures in the shattered 
and eroded Chalk: in these also relics of it remain. Had the cliffs 
of Yorkshire been dislocated and shattered as have been those of 
Swanage and Lulworth, the phenomena of Méen, instead of being 
unique, might be common on the Yorkshire coast. 


Discussion. 


The Cnarrman (Mr. A. Srranan) remarked on a section which 
had been shown to him in South Wales by Mr. Tiddeman. There, in 
an inaccessible spot, a band of Boulder-Clay presented a perfect 
illusion of being interstratified with Coal-Measure sandstones. The 
clay, as a matter of fact, was lodged on a shelf which had been 
formed by the weathering-out of a soft bed. The photographs 
which had been exhibited by the Author well illustrated his con- 
tention that there was a contrast between Méen and Cromer in 
respect of the relations of the Chalk-masses to the Drift. 

Mr. A. P. Youne thought that the remarkable series of grooves 
on the surface of the Chalk, to which the Author had called attention, 
might be compared with structures in the Alps known as karren- 
felder, said to be due to irrigation by water from melting snows. 
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We have, in both cases, a series of furrows distributed over the 
surfaces of soluble rocks, following routes obviously different from 
those taken by the ordinary watercourses. 

Mr. H. B. Woopwarp commented on the similarity between some 
of the phenomena described by the Author and those connected with 
the Chalky Boulder-Clay in East Anglia; and he thought that, if 
the Author had believed in the great Baltic Glacier his difficulties 
would have vanished. 

Mr. Lamrrucu recognized the possibility that peecies of Drift 
might lodge against a pre-Glacial cliff, but thought that the scanty 
evidence brought forward by the Author was insufficient to warrant 
the new interpretation which he proposed for the Méen sections, 
and that the previous explanation of the phenomena by Glacial 
disturbance was in closer accord with the facts. 

Prof. Bonney said that, as he had accompanied the Author on his 
first visit to Méen, he could testify to the accuracy with which its 
sections had been described. ‘The Chalk there had, no doubt, been 
disturbed, but by ecarth-movements, not ice-thrusts. We might 
almost as well appeal to the latter to explain the flexures at the 
Needles or Culver Cliff. He knew the karren of the Alps (men- 
tioned by a previous speaker), but there was little resemblance 
between these and the furrows on the chalk-cliffs in Méen and 
Riigen, although both were due to the action of water. The Glacial 
Drift at Méen occupied cavities in the Chalk, which might indeed 
have been originated by fissures or dislocations, but had been 
afterwards enlarged by the action of water—were similar, he 
believed, to those existing in the Chalk under London, Some of 
these had been exposed by denudation, and into them the Drift had 
made its way. While it was quite possible that a pre-Glacial line 
of cliffs might in places have been disclosed, he would not lay much 
stress on that possibility, for he thought that what could now be 
seen was explicable by the sea, as it encroached, laying bare these 
Drift-filled channels. 

Prof. Bory Dawkins remarked that Prof. Bonney’s views were 
in unison with what he himself knew of the water-passages that 
occur in the Chalk of this country. Many of these were pre-Glacial, 
and where Drifts occurred they were swept in. There was, indeed, 
nothing remarkable in finding Boulder-Clay in cavities in the Chalk, 
and similarly in the Carboniferous Limestone (as, for example, at 
the Victoria Cave, near Settle). There was no necessity to invoke 
the power of ice, or any other such agency, to ram such deposits by 
sheer dynamical force into the Chalk. 

Mr. Wuiraxer asked whether there was any difference between 
the Boulder-Clay of the hollows down in the Chalk and that of the 
massive deposit, and suggested that, if the clay had been carried 
down by water, or otherwise reconstracted, it ought to differ from 
the undisturbed clay. 

Prof, Garwoop said that he was interested in seeing the Author’s 
admirable photographs illustrating the relationship between the 
Chalk and the Clay in Moen. He did not gather from the Author 
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whether he attributed the horizontal beds to introduction by water- 
action from above. It seemed rather difficult to understand how 
Boulder-Clay, more or less stratified, underlying the Chalk could 
be brought in from above. If it was washed in from above, the 
selective action of water might come into play, as suggested by the 
last speaker, and one of the slides shown certainly suggested this. 

The Aursor, with the Chairman’s approval, read the following 
extract from a letter which he had received from Sir Joun 
Vans :— 

‘Tt is, | do not know how many, years ago that I visited, the island of Moen, 
in company with the late Prof. Steenstrup. ‘The impression left on my mind 
by the abnormal contortions of the Drift was that they might, to a great 
extent, be due to the corrosion and erosion of the Chalk below, by the 
infiltration of water charged with carbonic acid. The surface of the Chalk in 
Hertfordshire is remarkably irregular, with deep indentations and numerous 
pinnacles. Within less than 100 yards of each other, shafts may be sunk 
through Drift,and the Chalk in one shaft may be 30 or 40 feet below the surface, 
and in another only 10 or 15 feet. Ina shaft about 6 feet in diameter, that I 
have lately had sunk near Berkhamsted Common, the surface of the Chalk on 
one side of the shaft is about 6 feet higher than it is on the other. 

‘On the Great Northern Railway, near Knebworth, there are pipes eroded 
to a great depth in the Chalk, which must have been formed since Pleistocene 
times, inasmuch as in the gravels let down in the pipes there are palzolithic 
implements. If I remember rightly, a similar pipe in the Valley of tae 
Somme, cited by Prestwich, is 90 feet deep.’ 


He replied to Mr. Horace Woodward that his faith in the Baltic 
Glacier did not rise to a belief that it could dislocate the Chalk 
before its own existence. ‘The fissures were made and enlarged 
before the Drift came which fills them. He thanked Mr. Lamplugh 
for instances of pre-Glacial fissures on the Yorkshire coast. He 
had not actually touched the Drift-inclusions half way down 
cliffs 400 feet high; but some were at shore-level. In reply to 
Mr. Whitaker, he did not feel sure that re-made Drift was always 
easily distinguishable, but his own view was that the hollows had 
in general been filled during the deposition of the Drift. 
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22. On the Rexarions of the CuaLx and Boutprr-Cray near Roysron 
(Herrrorpsuire). By Prof, T. G. Bonney, Sc.D., LL.D., 
F.RBS., F.G.8. (Read March 21st, 1906.) 


In a paper read before the Geological Society in 1903,' Mr. H. B. 
Woodward described three sections exhibited in pits on the Chalk- 
uplands to the south of Royston, which in his opinion indicated that 
a great ice-sheet, as it advanced from the north, had sheared off 
large masses of Chalk and left them mixed up with its ground or 
englacial moraine (the Chalky Boulder-Clay). I am aware that 
authorities may be cited in suppce:t of such an association; but as I 
have visited more than one alleged instance of it without becoming 
a convert, and am doubtful whether any British ice-sheet ever 
extended so far to the south, I venture to state why I am still uncon- 
vinced. I carefully examined, in July 1904, the pit lying ‘ south- 
west of Newsell’s Park and north of Barkway’: selecting this 
because it evidently afforded the strongest support to Mr. 
Woodward’s view, and came away less than ever a believer. Last 
October I returned thither in company with my friend, the Rev. EK. 
Hill, then but recently back from his third visit to Méen, in order 
to have the benefit of his experienced eye; and from this pit we 
went on to that at ‘ Pinner’s Cross, Smith’s End, south of Barley.’ 
He took some photographs, which have been useful to me in 
checking my diagrams; and | may add that, in all important respects, 
he agrees with the views expressed in this paper.” 

It will save time to state at the outset that I differ from Mr, 
Woodward on questions of interpretation rather than of fact; so I 
shall refer the reader to his paper for a general description of the 
details, and mention only those on which this interpretation depends. 
But, before proceeding to them, I feel justified in offering some 
objections of a more general character. 

Mr. Woodward and some other geologists apparently take it for 
granted that an ice-sheet once occupied the English lowlands about 
as far south as the Thames Valley; or, in other words, that the 
Boulder-Clay of that region is the direct product of land-ice. This, 
however, as we must remember, is only an hypothesis. It may be 
correct, but that has still to be proved. It involves grave difli- 
culties, and these have hitherto been met by explanations which 
either are equally hypothetical, or, if true in themselves, are doubt- 
fully applicable to the particular circumstances. ‘T’o some of these I 
shall presently refer in connexion with these sections, but think it 
well to mention a very important one before proceeding further. The 


1 Published in the Quarterly Journal, vol. lix (1903) p. 362. 

2 T failed to find the pit ‘north of Reed’ on the former occasion, but have 
seen it since this paper was read. As I expected, it proved nothing. [I went 
again to the Pinner’s-Cross pit last January, and to the Newsell’s-Park pit also 
in April, because at the former date quarrying was being done which gave some 
promise of discovering another fissure on the more northern side of the pit; 
work had then ceased, without any definite results, | 
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Boulder-Clay at these pits, as is usual in the eastern parts of 
England south of Flamborough Head, is full of more or less well- 
rounded fragments of chalk which are often striated. This Mr. 
Woodward cites (like several other authors) as if it proved the 
action of land-ice. Striations are no doubt frequent on stones 
which have been transported between such ice and the underlying 
rock, but they could not often be produced either in ground-moraine 
(that is, a sub-glacial stony clay) or in englacial material. Even if 
the latter were sufficiently abundant to make contact between two 
stones a common occurrence, that contact would usually affect only 
a very limited surface-area on either of them, and the difference in 
their rate of movement would hardly be sufficient to produce a 
scratch of any length. For similar reasons, it is difficult to 
understand how striations could be made in a ground-moraine, when 
that is at all thick'; but, as every one knows, they are easily 
produced when a stone held in the grip of ice is rubbed against a 
rock-surface. Again, a glacier is a much less efficient pebble-maker 
than moving water. The former can smooth the broader faces of 
fragments ; but can produce only slight effects on the narrower, 
because of the obvious difficulties in holding them against the 
grinding surface of rock. I doubt whether the form of a stone 
shaped only by ice-action will ever be more than subangular. 
But the larger chalk-fragments which are so abundant as to give 
an epithet to the Boulder-Clay in the above-mentioned parts of 
England® are true pebbles, most of which are at least subrotund, 
like those on a sea-beach at the foot of chalk-cliffs. They might also 
be formed by streams, but fluviatile chalk-gravels are not, so far as 
I know, common in this country. Thus it is more probable that 
the chalk-fragments in the Boulder-Clay are seaworn pebbles from 
a beach; but if so, we are confronted with some difficulties in the 
land-ice hypothesis, which, as I have referred to them elsewhere,’ 1 
am contented with mentioning, and that only lest they should be 
ignored. Enough to say that, as Col. Feilden proved more than a 
quarter of a century ago,‘ the tidal movements of an ice-foot can 
striate beach-pebbles which afterwards may be transported to very 
considerable distances. Any such explanation of the English 
Boulder-Clay is of course an hypothesis. My point is that the 
attribution of it to land-ice is at least equally hypothetical, and thus 
cannot be used as an axiom, on which a logical superstructure can 
be safely erected. 

Mr. Woodward also assumes that an ice-sheet, when advancing, is 
capable of shearing off and thrusting before it large masses of such 


' The clay in these Hast-Anglian deposits is always, so far as my experience 
goes, sufficiently abundant to keep the stones from coming frequently into 
contact. Doubtless this would sometimes happen, but even then the scratches | 
would, as a rule, be short. 

* It covers (intermittently) a large area. I have myself examined it in places 
from Yorkshire to Essex, and inland to the neighbourhood of Narborough 
in Leicestershire. 

* “Tce-Work’ 1896, pp. 164-88. 

* Quart. Journ. Geol. Soe. vol. xxxiv (1878) p. 566. 
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a rock as Chalk. This, again, is only an hypothesis. I have studied 
the places over which land-ice has passed in several parts of Europe 
as well as in Canada, and have never been able to find any valid 
evidence that it has, except perhaps under two very exceptional 
circumstances, any power worth mention, either to excavate or to 
break off large masses of rock. It can, no doubt, abrade considerably, 
but the utmost thrusting work, so far as one can ascertain, which 
it is capable of doing, is to push before it some morainic material 
for a short distance, while it has often failed to produce any 
appreciable disturbance, even on underlying stratified gravel. 
Before, then, we invoke the shearing-thrust of an ice-sheet, to 
explain certain relations of Chalk and Drift, we must first prove its 
ability to accomplish such a task. 


(1) Pinner’s-Cross Pit, Smith’s End. 


Turning now to the particular sections, we will take the Pinner’s- 
Cross pit first, as its phenomena are the simpler. Here we find, as 
Mr. Woodward describes, a few flint-bands, some of them very im- 
perfectly developed, dipping at an angle of not less than 40° roughly 
towards the north-west. Two at least of these seem somewhat 
disturbed, as does the Chalk, for it is rather crushed and rubbly ; 
that probably is a consequence of the movements which have bent 
the Chalk, although it by no means follows that these were due to 
the thrust of an ice-sheet. But I can add something to Mr. 
Woodward's description : the Boulder-Clay is ‘ banked up against 
the Chalk’? not only on its more southern, but also on its more 
northern side.* Fig. 1 is a very rough sketch of what we saw. 


Fig. 1.—Pinner’s-Cross Pit. 


Poyunpbytts MMV Atel en MULACS BOSH Mee ape dyer (ud Hele tvsb Hat aslddQQOMeC VOM poy ag 7 PK tes SU UF ALE a Thee 


A = Chalk-with-Flints. 
B= Boulder-Clay ; partly masked by talus of clay and soil. 
[For minor details see Mr. Woodward's sketch, op. cit. fig. 3, p. 864.] 


The Boulder-Clay occupies a hollow in the Chalk*; the lower part 
of this is masked by talus, but it is probably saucer-shaped ; its 
breadth is about 5 yards, and the vertical height of the Clay exposed 


‘ Quart. Journ. Geol. Soe. vol. lix (1903) p. 365. 

2 W. H. Penning, in Mem. Geol. Surv. ‘The Geology of the N.W. Part 
of Essex & the N.K. Part of Herts, &c. (1878) p. 7, says that the Boulder- 
Clay occupies a hollow in the Chalk. 

* This disposes of Mr. Penning’s difficulty referred to, op. cit. p. 872. 


Q.J.G.8. No. 247. 2% 


494 PROF. T. G. BONNEY ON THE [Aug. 1906, 


about 4 feet, part, if not all, of the uppermost foot being surface-soil. 
Near A, on the left hand, are traces, little more than smears, of 
clay which might well be produced by muddy water percolating 
from above along chinks in the rather disturbed Chalk. So this 
hollow is a saucer or a trough. It is not easy to see how an ice- 
sheet could have scooped out either. The former, I presume, would 
require a gyratory action, after which the ice in melting mood must 
have made restitution by filling up the hollow with Boulder-Clay ; 
the latter would have to be the channel of a subglacial stream 
which, however, did not transport any big pebbles. Another 
difficulty I leave for the present, since it exists also at the second 
pit. 
(2) Pit south-west of Newsell’s Park. 


Here, as Mr. Woodward has described, the rather infrequent flint- 
bands dip roughly towards the north-west, at a less steep angle 
than at Pinner’s Cross, and the trace of a shear-plane can be seen 
in the more southern wall of the inner part of the pit.’ That 
steepens on approaching the floor, till it makes with this an angle 
of about 50°, and the rock adjoining it, for a thickness of perhaps 
2 inches, has a slightly muddy aspect. That, however, might be 
due only to greater dampness, but as the point was not important I 
did not test it by analysis. The clayey patches on the wall of the 
pit still remained, though the patch of ‘brown earth with chalk 
[fragments |’ had, I think, suffered a little in the interval between 
Mr. Woodward’s visit and mine (and again between the latter 
and our recent one), but I verified its presence and found traces of 
two other smears of similar material running up the wall, to a 
height of about 8 feet from the floor. I saw nothing to suggest 
that the earthy material had been ‘nipped up’ between masses of 
Chalk, and its mode of occurrence was suggestive rather of its having 
trickled from above, down some crack in the slightly-disturbed 
Chalk-mass. 

The most remarkable feature, however, in the pit is the Boulder- 
Clay which is seen beneath the Chalk rather nearer to the entrance 
of the pit, apparently filling an arched cavity,’ roughly 10 yards 
in length and rising about 4 feet from the floor. I could find 
nothing to suggest that the overlying Chalk was in any sense a 
transported boulder, or that the Boulder-Clay*® had been squeezed 
into its present position, or anything in the relations of the two. 
calling for the thrust of an advancing ice-sheet. 

The following explanation, which Mr. Woodward does not con- 
sider, seemed to me far more simple: that the Boulder-Clay has 
filled a cavity which already existed in the Chalk, though it may 

1 See figs. 4 & 6, pp. 366-67, vol. lix (1903) of this Journal. 

Z On the occasion of my first visit, talus concealed the more eastern end but 
this was clear at my second one; the Chalk overhung the Clay (apparently 
with a natural surface) for at. least a foot, and seemed to be descending behind it 

Tt must lie below the curved shear-plane, and would accordingly require 
a second big slab of chalk to be thrust overit. But at, my second visit the 


surface of the Chalk overlying the Clay seemed to slope behind the Clay in 


more than one place. The N. and 8.in Mr. Woodward’s diagram must be 


understood as used in a general sense, N.W. and S.E. being nearer the fact 
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have been subsequently enlarged ; such is the explanation of the 
relations of Boulder-Clay and Chalk in the cliffs of Méen, as we 
maintained in 1899. That there are such cavities? is distinctly 
proved in the Island of Riigen. We described some in pits at the 
back of Sassnitz, on the hill-slope above the town.’ But the chalk- 
cliff rising from the shore to the north of the bathing-place affords 
an even closer parallel.“ The appended diagram (fig. 2), although 


Fig. 2.—Section in the cliff north of the bathing-place, 
Sassnitz (Rugen). 
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A = Chalk-with-flints. B=Boulder-Clay, as described in the text. (a) Piece of 
chalk, marked ‘ ? if in sttw.’ Probably it was, for a very rough sketch made 
the following year (1899) shows the outline of the cavity to be still more 
like a foot cut off just above the ankle. (0) A streak and alump of chalk; 
(c) more sandy and stratified hereabouts. The length of the part sketched 
measures about a dozen yards. . 


not pretending to be very accurate, for it had to be drawn from the 
adjoining beach, may save a long description. We examined the 
section again in 1899, when the shape a little more resembled that 
of afoot in a stocking, and the small hollow at the bottom was more 
conspicuous and pointed forward instead of backward. The cavity 
was a little over 12 yards long, was filled with a Boulder-Clay 
generally resembling, but not quite identical with, the ordinary grey 
Boulder-Clay of the district, which contained one fair-sized block 
and some smaller streaks of Chalk,’ more especially in the lower 
part, and became a little more sandy in the upper.® The neigh- 
bouring Chalk, as shown by the flint-bands, not only dips at a 
rather high angle, but is locally much contorted. It is impossible, 
as a study of the diagram will prove, to explain this enclosure of 
Boulder-Clay, by either faulting or thrusting during Glacial 
1 Quart. Journ. Geol. Soe. vol. ly, p. 305, &e. 


2 (hey are of course very similar to those which supply water in several 
parts of England, and are commonly called ‘fissures,’ but I avoid this term as 


slightly misleading. 

3 Op. cit. pp. 313, 314. 

' [bid. p. 318; & vol. lyii (1901) p. 9. 

> Flints are common, but there are also some ‘ Scandinavian’ stones. 

6 The cliff was about 7 yards high, and the ground, if I remember rightly, 
rose at the back. Both Boulder-Clay and stratified Sand occur in the 


vicinity. 
212 
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conditions.’ It must be a filled-up cavity, such as are found in both 
the Danish and the German islands, but are commoner in the former, 
and a section across the ‘ foot’ of this Riigen cavity at right angles 
to the plane of the paper might give such a one as we find in the 
pit near Newsell’s Park. Mr. Penning’s diagram,” indeed, represents 
Boulder-Clay occupying a hollow in, or banked up against, the up per 
surface of the Chalk (his sketch is incomplete on the more southern 
side). Even if the woodcut be an ‘interpretation-section ’ (I expect 
that Mr, Penning drew what he saw), the Boulder-Clay must have 
been in existence in that position. This clay, though not exactly 
above that mentioned in the text, which is not shown in the 
diagram, is said to be ‘at the 8. W. corner’ of the pit, and cannot 
be more than a few feet away. 

We have yet to consider the difficulty presented by both localities 
to the interpretation put forward by Mr. Woodward :— 


‘Higher portions of débris-laden ice overrode lower portions that were 
arrested by inequalities in the ground,’ and ‘to the thrust or long-continued 
pressure of ice along shear-planes at higher levels against the crest of the scarp 
we may attribute that belt of disturbance which occurs at elevations of 387 and 
400 feet on the east and 535 feet on the west.’ (Op. jam cit. p. 371.) 


Hypothesis again seems active in the earlier part of this quotation ; 
while in regard to the latter I agree with Mr. Jukes-Browne that 
for ice to have produced this disturbance along a line over 5 miles 
long ‘seems a large order,’ venturing also to add that the contour 
of the ground ought to afford some hold to this aggressive ice-sheet, 
or else it would slide or crawl over the surface without more than a 
little superficial scraping or rubbing. How, then, are these pits, 
related to this contour? Outside the one at Smith’s End, which is 
just within the 400-foot contour-line, the slope of the ground towards 
the north is very gentle for about 100 yards, afterwards falling rather 
more steeply to the 300-foot line, on the eastern and the western side: 
its descent towards the north being still very gentle, for the village 
of Barley stands on the slightly-shelving top of a shoulder, projecting 
to the north between two shallow valleys of which the eastern is the 
more strongly marked. The Newsell’s-Park pit is on a very gentle 
slope, which descends in a generally-northward direction from the 
500-foot contour-line; and, although this steepens a little after a time 
especially on the north-eastern side, it is always slight. Towards 
the north-west the ground again rises, a change which would some- 
what impede the advance of the ice-sheet. If, then, the present 
contour of the ground bears any resemblance to that which it had 
during the Glacial Epoch (and to assert the contrary would be 
another appeal to hypothesis), the ice could not get such hold of the 
ground as would enable it to scoop at Smith’s End or to shear off 
the requisite masses near Newsell’s Park. I submit, therefore, that 


1 After careful examination of the sections of Méen and Rigen, Iam unable 
to understand how any geologist accustomed to careful work in the field can 
explain the disturbances of the Chalk and its association with the Glaci 
deposits by the thrusting action of an ice-sheet. 


* *The Geol f the North-Wes ; 7 ns 
1878, ery ie oey 0 e North-West Part of Essex, &c.’? Mem. Geol. Surv, 


al 
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even if Boulder-Clay can be proved to be the product of an ice-sheet, 
and the latter to be capable of shearing off and disturbing large 
masses of Chalk, these sections, so far from being explicable by that 
process, are quite the contrary. 


Discussion. 


Mr. H. B. Woopwarp said that he was pleased to learn that the 
Author found no serious fault with his facts; they appeared to 
differ, however, with regard to the amount of mechanical distur- 
bance visible in the pit at Pinner’s Cross. He remarked that the 
chalk-pebbles which characterize the Boulder-Clay might well have 
been derived from a land-surface of Chalk, as the Chalk weathers 
into a rubble of rounded fragments. He admitted that his ex- 
planation of the disturbances depended upon a belief in the Jand- 
origin of the Chalky Boulder-Clay. To that belief he had been 
wedded for many years. The mode of origin was supported by the 
general uniformity and character of the Boulder-Clay over wide 
areas in Kast Anglia and the Midland counties, varied as its com- 
position was by local ingredients from the formations over which 
the ice moved. It was indicated also by the frequently-disturbed 
state of the subjacent strata. He referred to a noteworthy prooi 
of the land-origin observed in cuttings of the Great Central 
Railway.’ 

Prof. Borp Dawxrys said that the point laid before the Meeting 
seemed to be rather a matter of opinion than of facts. The 
Author might be right in this case, but the effects of the pressure 
of ice on the surface of this country were undoubted. There had 
been no movement of ice from the low to the high ground, but 
there had been from the high to the low. The crumpling shown 
here was not due to anything that took place on land, but icebergs 
impelled by wind and waves would delve up the shore on which 
they stranded. 

The evidence as to the physical configuration of the district was 
of great interest, the difference between the gentle slope of the 
Chalk in the Cambridgeshire area and on the borders of Essex, and 
the steep scarps of the North and South Downs, being doubtless 
due to Glacial phenomena. 

The Rev. Epwry Hitz said that he agreed with the Author's 
views. He had thought that Mr. Woodward’s paper had built high 
ona small foundation. It attributed to ice-sheet thrust a roll in the 
Chalk, on account of some included clay, and that clay, on account 
of the roll in the Chalk: then, on these as foundation, built an 
ice-sheet. 

Mr. Lametven remarked upon the Author’s objection to the 
land-ice hypothesis, and suggested that, if the evidence for this 
hypothesis in Eastern Britain was considered in its entirety, the 
Author’s difficulties in accepting Mr. Woodward’s interpretation ot 
the Royston sections would vanish. As in every other result 
attained in geology, it was quite possible to pick out points diffientt: 


1 See Geol. Mag, 1897, p. 103, 
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of explanation ; but, in this case, these were altogether dispropor- 
tionate to the mass of positive evidence obtained from many 
converging lines of investigation. In the particular instance under 
discussion, it was necessary to remember that the border of the 
Eastern Drift-sheet in Britain, from Banff to Norfolk, was character- 
ized by the occurrence at intervals of huge displaced masses of the 
solid strata that were often actually incorporated with the Boulder- 
Clay; and similar masses were also found in the prolongation of 
this belt across the Eastern Midland counties of England. With 
this definite evidence for the breaking-up of the underlying strata 
by Glacial agency, Mr. Woodward’s interpretation of the Royston 
phenomena was in perfect agreement; and, since the general evidence 
for the former extension of land-ice over the same region was so 
weighty, it was surely most reasonable to assign the disturbances 
in question to the influence of land-ice. 

The Aurnor, in replying to Mr. Woodward, said that he was 
well acquainted with the rubbly weathering of the surface-Chalk 
and the making of pebbles, but could not admit that those so 
common in the Boulder-Clay had been produced by the former 
action. ‘They were true waterworn pebbles. He did not agree 
that the railway-section quoted by Mr. Woodward could only be 
explained by the action of land-ice. He did not, of course, deny 
that flexures and dislocations existed in the Chalk near Royston 
and elsewhere, but did deny that these could be ascribed to the 
action of land-ice. He could not even agree with Prof. Dawkins 
that the slopes near Royston showed any signs of ice-action: they 
became steeper farther west, and the difference in hardness and 
dip would account for their being more gentle than in the southern 
scarps of the North Downs, Mr. Lamplugh had asserted that diffi- 
culties would vanish if an ice-sheet were once accepted. That might 
be; for the speaker would find many difficulties vanish in theology, 
if he could accept the leadership of an infallible guide—but unfortu- 
nately he could not. Mr. Lamplugh complained that he raised 
small difficulties, and did not view the subject as a whole. Why, he 
had been raising large-scale difficulties for years, and could not get 
them answered! He had asked how land-ice could get to England 
from Scandinavia over the wide and deep channel which contours 
the latter country, and the best reply that he got was that there was 
a sort of ‘ clearing-house’ at the Dogger Bank, or that the channel 
was post-Glacial! He had asked how, if distributed by land-ice, 
Shap boulders crossed the ice coming from the Cheviots and Scot- 
land, and Arenig boulders crossed those from Criffel and the Lake 
District—and the only answers given ignored the physical properties 
of ice. He was personally acquainted with most of those transported 
masses to which Mr. Lamplugh had referred, but could not accept his 
interpretation of them, and deemed it unscientific, either to ignore. 
difficulties which really existed, or to bow down to authority. With 
arguments of that style he was familiar enough, but they were not 
suited for use in the place where he was speaking. 
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I. Lyrropucrion. 


In the latter part of July 1905 we remarked, among the fossils 
exhibited in the recently-founded Museum at the Cloth Hall, New- 
bury, a group of guards of the belemnoid Actinocamax granulatus 
Cy iabelled Winterbourne’—the name of a village 31 miles 

the north-west of the above-named town. ‘To us, these speci- 
mens were objects of more than usual interest, inasmuch as our 
examination of the Upper Chalk in the western part of the London 
Tertiary Basin, so far as it then extended, had shown us (1) that 
Actinocamax granulatus was a rare fossil in that area; (2) that it 
was there confined to beds of the Marsupites-Band and of later age ; 
and (3) that such beds, although well-developed to the south of 
the Kennet, were cut out, by the Eocene overstep, to the north of 
that river, along a line passing 2 or 3 miles south of the parish 
of Winterbourne. Assuming the guards to be correctly labelled, 
they seemed to indicate the existence of an outlying mass of 
Marsupites-, or newer, Chalk rather rich in belemnoids, within a tract 
of country where the Eocene deposits were known to be generally 
in contact with some part of the older, Micruster cor-anguinum- 
Chalk ; and as we had but recently given some attention to just 
such a mass in the shape of the Phosphatic Chalk of Taplow, the 
possibility of the recurrence of phosphatic conditions near Newbury 
at once presented itself to our minds. 

On our making enquiry of the Honorary Curator, Mr. Frank 
Comyns, M.A., he informed us that the specimens of Actinocamax 
had been presented by Miss M. Baylis, of Wyfield Manor, Boxford, 
a lady with whom he was so good as to place us in communication. 
We visited Boxford in August, when Miss Baylis kindly showed us 
a small but interesting collection of local Chalk-fossils, and described 
the position of the excavations whence they were derived. The 
examples of Actinocamav (of which the collection contained about 
a dozen) had all been obtained, we were informed, from a single 
working ; and this proved to be a small, disused field-pit, a quarter 
of a mile north-west of Winterbourne Church, and visible from 
none of the neighbouring roads. Though the face of the pit was 
stained by rain- ayaels it could be seen at a glance that flints, which 
abound in most of the other excavations in the district, were here 
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either very scarce, or—as was later found to be the case—entirely 
wanting ; and a closer inspection revealed the brown granules, 
hard bands, nodules, and other evidences of phosphatization. 

The pit was revisited by both of us on three or four occasions 
during the ensuing autumn, and some attempt was made to ascertain 
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the extent of the phosphatic beds; but little further information 
was obtained until the winter, when the withering of the vegetation’ 
and the ploughing of the fields revealed a number of white patches 
in the soil, marking the spots where Chalk lay near the surface. 
An examination of these rubbly patches and of the disintegrating 
rock beneath them, has enabled us to work out the sequence of the 
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strata in a Phosphatic-Chalk group not less interesting than that of 
Taplow. 

The principal observations made in the course of this investi- 
gation are recorded in the following pages. 


The piece of country with which we are chiefly concerned forms 
part of an irregular, southward-pointing spur, or inter-vale, lying 
in the angle between the convergent valleys of the Lambourn and 
the Winterbourne, and further defined, on the west, by the dry 
combe of Hangman-stone Lane, which joins the Lambourn Valley 
at Boxford. The crest of this spur stands between 150 and 180 feet 
above the floors of the rather sharply-incised valleys just mentioned, 
and, although somewhat ‘ accidented’ near its southern end, rises 
persistently northwards, and eventually merges into the general 
dip-slope of the Berkshire Downs. 

The common boundary of the parishes of Winterbourne and Box- 
ford traverses the spur longitudinally, keeping somewhat to the 
east of the line of highest ground. Near Winterbourne village 
this ‘ *tween-stream ” block consists of Upper Chalk surmounted by 
outlying masses of sandy and clayey Kocene (Reading) strata, the 
largest and thickest of which outliers forms the rounded eminence 
of Borough Hill, and the gravel-capped plateau of Basford Hill to 
the south of it. The prevailing dip of the Chalk and Hocene deposits 
hereabouts is a gentle one to the south-east, but there are local and 
discordant dips in the Chalk—some of considerable strength— 
which are not shared by the newer strata. 

The several exposures of Phosphatic and other Chalks about to be 
described or noticed are indicated in the accompanying sketch-map 
(fig. 1, p. 500) by the letters (a) to (w). These will be dealt with in 
alphabetical order, but in two groups: those from (a) to (e) inclu- 
sive falling under the heading of Winterbourne exposures; and 
the remainder under that of Boxford exposures. 


Il. Exposures (nv Tap ParisH oF WINTERBOURNE. 


(a) Pit a quarter of a mile north-west of 
Winterbourne Church. 


Originally this pit had a maximum depth of 15 feet, but the 
talus has now mounted halfway up the face. The disposition of 
the principal lithological divisions seen on its southern side, and in 
a trial-hole opened by us in its floor, is shown in fig. 2 (p. 502). 
The dip is about 3°, to the south-west, or nearly so. 

Commencing at the bottom :—The chalk in the trial-hole is white, 
with scattered brown granules, and is, for the most part, friable, 
coarse-grained, and harsh to the touch, but contains firm to hard 
lumps without definite shape or limits. Obscure branching bodies 
of slightly-greyish tint and of coarser texture occur in places, and 
small hard nodules (measuring up toa third of an inch in diameter), 
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with a rich brown vermiculate crust and greyish-green nucleus, are 
scattered sparingly through the rock. 

The lowest chalk visible in the main exposure is similar to that in 
the trial-hole, save that the hard lumps are much scarcer, the brown 
grains and nodules more numerous, and the nodules attain a greater 
size (three-quarters of an inch). 


Fig. 2.—Section on the south side of pit (a), about a quarter of a mile 
north-west of Wrnterbourne Church. 


[Vertical scale: 1 inch =20 feet.] 


Near the top cf bed (1) the hard lumps reappear in force, and 
the brown granules, increasing in number, impart to the rock the 
characteristic dusty-grey tinge of Phosphatic Chalk. Neither here 
nor in any other part of the section, however, do the beds contain 
nearly so great a proportion of phosphatized material as the brown 
chalks of Taplow and Lewes, 

The ascertained thickness of bed (1) is 84 feet. 

The chalk above described passes up into a hard, yellowish- 
green, nodular rock—-bed (2)—about 3 inches thick. This band is, 
in places, sufficiently homogeneous to have acquired a rectangular 
jointing ; elsewhere it consists of rounded lumps and nodules, sepa- 
rated by rather softer chalk containing many small brown nodules 
with furrowed, perforate crusts. Impressions of sponges are 
common. 

The succeeding bed (3) is a white to pale-grey, exceedingly- 
gritty, friable chalk, between 43 and 43 feet thick, and somewhat 
widely jointed. Oyster-shells form no small proportion of the bed, 
and the weathered surfaces are rough with their remains. Brown 
nodules ranging up to three-quarters of an inch in diameter, and 
brown angular concretions of smaller size are abundant; but there 
is a decided falling-off in the proportion of brown granules. Towards 
the top this chalk becomes firmer, assumes a lumpy character, and 
passes, sometimes insensibly, sometimes rather abruptly, into the 
overlying hard band. 

The hard chalk of bed (4) is a tough limestone, 6 to 9 inches © 
thick, of a yellow or greenish-yellow hue, but stained dull red in 
places by iron-oxide, which occurs in subspherical pseudomorphs 
after pyrites. Greenish nodules (to 3 or 4 inches in diameter) 
with brown corrugate crusts, and angular concretions (under half 
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an inch in diameter) are scattered through the rock, which, in its 
less compact portions, is even more harsh and gritty to the touch 
than the chalk below. In the midst of the rock the green nodules 
are firmly welded to their matrix; near the top they may often be 
detached with little difficulty. The appearance of this chalk recalls 
that of the Chalk Rock. Where hardest, the rock is rather closely 
and rectangularly jointed, and its gnarled, undalate, well-defined 
top bears the impressions of sponges of the Ventriculites-type ; it is 
well-encrusted with adherent valves of Ostrea, Spondylus, and 
Pheatula ; and is covered with a faintly-glossy brown wash of 
phosphate, which penetrates to a depth of a quarter of an inch or 
more. Dendrites of manganese-oxide occur on the joint-surfaces. 

The chalk of bed (5)—-seen for about 4 feet in the highest part 
of the section—is firm and white, or pale greyish-white, with black 
specks. It is closely jointed into small cuboidal or flaggy blocks, 
and much stained by earthy wash from above. Very harsh and 
gritty in its lower parts, it gradually becomes soft and fine-grained 
upwards, and samples from the top are hardly to be distinguished 
from ordinary chalk by the naked eye. Greenish-yellow nodules 
with brown coats and the little angular concretions are common 
in the lowest 18 inches, but become scarce above; and brown 
granules, though common enough in the lowest 6 inches, are else- 
where much less apparent than in the beds lower down in the 
section. 

The Chalk is covered by a sandy loam, with flint-nodules and 
broken flints, which descends into shallow pockets. At the bottom 
of this Drift there are a few unworn flint-nodules, of elongate form, 
which have doubtless been derived from the Chalk formerly inter- 
vening between the highest beds ef the section and the base of the 
Reading Series. 


Microscopic features.—When broken down with a brush in 
water and washed clear of the fine calcareous mud, the softer 
chalks of this section yield a bulky residue, consisting of the 
following materials :-— 


(1) Prisms of Jnoceramus-shell. The great majority are un- 
phosphatized; larger fragments of the shell] occasionally are 
partly silicified. This material is most abundant in the 
residues from bed (3); least so in those from the upper part 
of bed (5). 

(2) Foraminifera: frequently phosphatized and of a pale to 
rich dark-brown colour, often with a high polish. The 
phosphatized examples are referable chiefly to the Textu- 
lariidee and Globigerinide, and usually measure between 0-1 
and 0°2 millimetre in diameter. The calcareous examples 
are mostly of the Rotaliide, and are more numerous and 
generally of greater size (0°3 to 0-6 mm.) than the phos- 
phatized. Subspherical objects, which appear to be de- 
tached cells of foraminifers, are common. 
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(3) Angular chips of scales, bones, and teeth of fish: honey- 
coloured and transparent or translucent, to brown or flesh- 
coloured and opaque. These exhibit all those features 
that were noticed by Mr. A. Strahan’ in the fish-remains 
of the Taplow Chalk. Most of them measure between 0:2 
and 1:0 millimetre in length. 

(4) Irregular, angular, and subangular lumps and platy pieces 
of calcite, dull white and translucent. The plates probably 
are mainly fragments of oyster-shell, which yield precisely 
similar débris when brayed. Usually under 1:0 mm. 
in diameter. Light-brown and flesh-coloured, partly or 
wholly phosphatized materials of the same forms also 
occur. 

(5) Rod-like objects: smooth, cylindrical, or tapered—probably 
spines of echinoids. 

(6) Coprolites of small fishes, echinoids, and other animals: 
light to dark-brown ovoid bodies, occasionally of convolute 
or strangulate aspect, and frequently polished. These 
commonly range from 0-2 to 1:0 mm. in length. They are 
rather scarce in the residues from bed (1); more common in 
those from bed (38); and most common in those from the 
lowest part of bed (5), where they attain their greatest 
size. 

(7) Tests of Entomostraca. These are rare, and have not been 
recognized in the phosphatic state. 

(8) Quartz, in subangular and well-rounded, yellow or colourless 
grains. Not uncommon in bed (3); prominent in the 
residues from bed (5). They rarely exceed 0°5 millimetre 
in diameter. 

(9) Black granules—apparently of iron-oxide—minutely mam- 
millated. These occur throughout the section, being most 
noticeable in the upper part of bed (5). Size :—0-25 to 
0-5 millimetre. 

(10) Rich brown, polished, phosphatic concretions of rounded or 
botryoidal form. Usually under 0-3 millimetre. 

(11) Dull green grains, imperfectly rounded; noticed only in 
residues from the lower part of bed (5). 


The constituents just enumerated are mentioned, as nearly as 
may be, in their order of abundance. It should be observed that 
the character and relative proportions of the phosphatized materials 
are much more constant than those of the calcareous. 

When the brown casts of foraminifera and the little brown con- 
cretions (No. 10) are treated with hydrochloric acid, a variable but 
usually small proportion is found to consist of a pale to dark-green, 
opaque or translucent mineral (presumably glauconite), with a thin - 
veneer of phosphate. These disguised glauconite-concretions and 
pseudomorphs are most common near the base of bed (5) in this 


* Quart. Journ. Geol. Soe. vol. xlvii (1891) pp. 359-60 & figs, 2-6, p. 366. 
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section. They occur in all the Phosphatic Chalks of this neighbour- 
hood, as well as in those of Taplow and Lewes.’ It is noteworthy 
that, of the foraminifera, the Globigerinide are by far the most 
frequently preserved in this way, although casts of a Cristellaria 
(probably Cr. rotulata, Lam.) are prominent in some samples. 


Faunal Succession.—The most important fossil observed in 
bed (1) is Mursupites testudinarius, which is represented, as usual, 
by scattered plates and brachials. Remains of this crinoid occur 
throughout the bed, but are most common between 1 and 2 feet: 
below the top, where there are probably about a dozen of the plates 
per cubic foot of chalk. 

In the nodular band (2) the same form occurs, and with it an 
abundance of Ostrea vesicularis and of bits of Jnoceramus, remains 
of Spondylus spinosus (?), and casts of sponges. 

The friable chalk of bed (3) swarms with remains of Ostrea 
vesicularis, O. Wegymanniana, and other oysters, and pieces of 
Inoceramus also are very abundant. In the lowest part of this bed 
Marsupites-plates are still fairly common, but they become scarce 
about 8 or 9 inches up, and have not been found higher than 
24 feet above the base. At the horizon where Marsupites becomes 
scarce, we obtained one very slender guard of Actinocamax verus, 
and noted the first appearance of A. granulatus. 

The guards of the latter belemnoid are sparingly represented 
in the succeeding 4 feet of bed (3), and appear to be evenly dis- 
tributed therein. They are rather below the average size, show a 
feeble but distinct granulation, and have an alveolar depth between 
one-fifth and one-seventh of their length. Though usually broken, 
they are rarely much decayed. Echinocorys scutatus, which we 
have seen enly in small fragments in the lower beds, is often well- 
preserved here. Most of the examples collected by Miss Baylis 
and by us are of the slightly-blunted pyramidate or angulate 
form and medium size (length=60, height =42 mm.) usually met 
with in the Marsupites-Band in Berkshire, North Wiltshire, and 
North Hampshire ; but in the upper half of this bed a smaller and 
more squat mutation of the pseudo-pyramidatus variety is occa- 
sionally seen. Micraster cor-anguinum var. rostratus is common 
in the higher layers; teeth of Corax, Lamna, and Oxyrhina 
are not infrequently encountered; and Spondylus latus occurs 
throughout. 

In the yellow rock-band, bed (4), Actinocamax granulatus and 
Echinocorys scutatus become very common. Here the former is more 
markedly granulated, but can rarely be extracted in an other than 
fragmentary condition. The pyramidate variety of Kchinocorys 
scutatus present in the softer chalk below is almost completely 
replaced by stunted forms, which are better seen in the succeeding 
bed (5). Casts of the sponges Ventriculites radiatus, V. infundi- 


1 See A. Strahan, Quart. Journ. Geol. Soc. vol. xlvii (1891) p. 362, & vol. lii 
(1896) p. 460. 
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buliformis, and Coscinopora quincuncialis are very common, and 
one specimen of Offuster pillula was obtained. 

Abundant as are the remains of Actinocamax granulatus and 
Echinocorys scutatus in bed (4), they form but the forerunners of 
the swarms which come in at the base of the succeeding division (5). 
The guards or tests of these animals occur at intervals of a few inches 
all along the face of the pit at that horizon, and it is no uncommon 
experience to find three or four of each almost in contact. They 
lie most thickly upon, or within 3 inches above, the uneven, 
oyster-encrusted pavement at the top of the rock-bed (4). We 
estimate the remains of A. granulatus to be fully twice as abun- 
dant in the lowest 6 inches of bed (5) as in any band of the same 
thickness in the Upper Brown Chalk of Taplow Court.’ Their 
granulation is, as a rule, very pronounced; and the ratio of the 
depth of their cavities to their total length ranges from 1: 43 to 
1:6. Some are distinctly quadrate in section; and one imperfect 
guard, with a deep, steep-sided, quadrate alveolus, is probably 
referable to Actinocamaa quadratus. All are partly corroded by 
soil-water, but the bulk of them seem to have been complete at 
the date of deposition ; and the undecayed portions of the surface of 
the broken specimens show no obvious signs of attrition. 

Echinocorys scutatus is represented in a nicely-graduated series 
of stunted forms, to the extremes of which the terms ‘ somewhat 
inflate-pyramidate’ and ‘ very depressed ovate’ may be fitly applied. 
The average measurements of the test are: length=48, height= 
34 mm., and we have only two examples the dimensions of which 
greatly exceed or fall far short of these. One of them, of subgibbous 
form, measures, in length=67, height=45 mm.: the other, of a 
flattened ovate shape, measures, in length=44, height =26 mm. 

The general facies of the species here is quite distinct from that 
presented in the higher parts (D and E)?* of the Taplow Phosphatic 
Chalk, although the rarer, depressed, form noticed there falls 
naturally into the Winterbourne series. The tests of Echinocorys 
here are usually in a very brittle state, crumbling on removal from 
the chalk, and leaving more or less perfect internal casts, which 
not seidom contain a decomposed pyrite-concretion. 

Offaster pillula is common where the remains of Actinocamax and 
Echinocorys are most abundant. It exhibits no abnormalities. 

Actinocamax, Hchinocorys, and Offaster all become scarce at 
about 1 foot above the base of bed (5), and have not been found in 
the upper half of that division, which, indeed, has yielded few 
megascopic fossils hesides Ostrece, Pecten cretosus, Spondylus latus, 
and Rhynchonella plicatilis. Casts of the two last-named fossils 
occur in the angular flints of the overlying Drift. 

The names of the fossils identified in the several beds of this 
section are tabulated on the following page. 


1 Quart. Journ. Geol. Soc. vol. lxi (1905) pp. 472-75. 
2 Tbid. loc. cit. 
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Following the classification now generally accepted in this 
country, we group the beds zonally in this wise :— 


[a \ Zone of Actinocamax quadratus. 


Bed 2.6: ftom of Marsupites testudinarius (Marsupites-Band). 
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Among the features of zonal interest possessed by this little 
section, one notes the shortness of the interval between the Chalk 
yielding remains of Marsupites and that containing Offaster pillula, 
Dr. A. W. Rowe has shown? that the width of this highest division 
(barren of Marsupites) of the Marsupites-Band varies from 15 to 20 
feet in the coast-sections of Dorset and Sussex. Here it is under 
3 feet. Part of this shrinkage is doubtless accounted for by the 
attenuation which the Marswpites-Zone, as a whole, undergoes in 
Berkshire and North Wiltshire, but it is highly probable that 
the general thinning was aggravated in the neighbourhood of 
Winterbourne. 

It will be observed, also, that Actinocamax granulatus, though 
associated with Marsupites in bed (3), appears Just where that 
crinoid is dying out, and does not become common until the base of 
the Actinocamax-quadratus Zone is reached. ‘The two forms occur 
together in the Phosphatic Chalk of Taplow, about 30 miles to the 
east-north-east, and in the normal Chalk of Surrey, Kent, and 
Yorkshire. The relatively-late appearance of A. granulatus here, 
however, is in accordance with the facts observed in other places in 
the western part of the London Basin: for the three poor sections 
of the higher part of the Marsupites-Band, and the single workable 
exposure of normal guadratus-Chalk with which we are acquainted 
in that area, all yield this species, though sparingly ; while in only 
one of the vastly-greater number of Marsupites-yielding sections 
has this fossil been forthcoming. The zonal distribution of the 
species in this part of the country seems to be much the same as in 
the coastal parts of Sussex and Dorset. 


The top of the pit above described lies between 30 and 40 yards 
distant from, and 8 to 10 feet lower than, the boundary of the 
Reading Beds of the Borough-Hill outlier on the south-west. 
Assuming that the observed dip (of 3°) in that direction is main- 
tained as far as the boundary just mentioned, there is room for 
about 15 feet of Chalk between the Kocene base and the top of the 
pit. Adding this 15 feet to the sum of the measurements of beds (4) 
& (5), we obtain 20 feet as the total thickness of the Actinocamaw- 
quadratus Chalk at its outcrop at this point on the eastern side of 
Borough Hill. 


(b) Exposure 300 yards east of Lower Farm. 


Ata point about 420 yards east-north-east of the phosphate-pit (a), 
and at a rather lower level, a rat-hole in a clover-field gave an in- 
dication of chalk near the surface. On deepening and enlarging the 
burrow, we encountered an obviously-phosphatic chalk in small 
angular blocks, so closely set as to leave no doubt that they belonged 
to the topmost layer of the rock in situ. Except that phosphatized 


' «The Zones of the White Chalk of the English Coast’ Proc. Geol. Assoc. 
vol. xvi (1900) p. 833 & vol. xvii (1902) p. 26. 
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Teatularie are rather more abundant, the wash-residues of this 
chalk exactly resemble those of bed (1) in the pit (a). 
The unearthed blocks yielded remains of :— 


Inoceramus. Echinocorys sp. 

Asteroid-ossicles. Marsupites testudinarius, Schloth. 
Cidaris sceptrifera, Mant. | Porosphera globularis, Phil. 
Cidaris sp. | 


As pieces of hard, greenish-yellow chalk and a few brown 
nodules occurred amongst the excavated material, we infer that the 
surface of the rock here nearly coincides with the junction of the beds 
numbered (1) and (2) in the pit (a). The south-westward dip in 
that pit would have led one to expect much older beds at this spot. 


(c) Exposure near the south-eastern corner of 
Lower Farm. 


This occurred, or, rather, was made, in the bottom of a plough- 
furrow nearly midway between exposures (a) and (b), about 10 feet 
lower than the latter. The chalk here is firm to rather soft, fine- 
grained, and white. Under the microscope, the coarse residues are 
seen to consist of subangular pieces of calcite, bits of flat shell 
(probably of Ostrea), Rotaline foraminifera, and prisms of Jnoceramus 
(in relatively-small proportion), together with brown and amber- 
coloured chips of fish-bone, teeth, and scale, and an occasional pale- 
brown coprolite. The proportion of phosphatized material is so 
small, that the rock can scarcely be termed a Phosphatic Chalk. 

The megascopic fossils noted are :— 

Osirea sp. Asteroid-ossicles. 
Rhynchonella plicatilis, Sow. Uintacrinus. 


(da) Exposure 3 furlongs north-north-west of Lower Farm. 


This is a patch of rubble, on the site of a ploughed-out pit in 
ordinary white chalk with seams of tabular flint. Fossils are few 
and unimportant. From the characters of the samples examined, 
and from evidence obtained farther west, we infer that the Chalk 
here belongs to the highest part of the Micraster cor-anguinum-Zone. 


(e) Quarry 300 yards west of the New Inn, 
Winterbourne. 


This is an abandoned working, in ordinary white chalk with bands 
of solid and hollow flint-nodules. Its nearer edge is a furlong 
distant from, and perhaps 20 to 25 feet lower than, the exposure 
lettered (b). The Chalk has yielded all the commoner fossils of the 
upper part of the IM. cor-angwinwm-Zone for this district, and not 
any that are distinctive of newer beds. ‘The flint-bands are slightly 
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waved, but have, on the whole, a gentle (apparent) dip towards the 
east-north-east. 

Flinty chalk of the Mieraster cor-anguinum-Zone is to be seen 
also in many small workings near the bottom and on the sides of the 
Winterbourne Valley, above and below the village, in some places 
close upon the boundaries of the Eocene Beds. These exposures 
it is unnecessary further to notice. 


In the sloping ground on the eastern side of the Borough-Hill 
spur we have evidence, then, of the following downward 
succession :— 


1. Reading Beds of the Borough-Hill outlier. 
2. Chalk with some flints, above pit (a). Zone of Actinocamax 
3. Phosphatic Chalk, in pit (a). quadratus. 


4, Phosphatie Chalk | ae eae (b). | Marsupites-Band. | 


5. Very feebly Phosphatic Chalk, inexp.(c¢). Utntacrinus-Band. 
6. Chalk with tabular flints, in exposure (d). \ Zone of Micraster 
7. Chalk with flints, in pit (e). J  cor-anguinum. 


‘sapudnswv py 
jo ou07 


The inconstancy of the dips in the Chalk makes it difficult to 
form just estimates of the thickness of the beds; but we think it 
unlikely that the upper and lower stratigraphical limits of the zone 
of Marsupites are much more than 30 feet apart in the immediate 
vicinity of Pit (a), a quarter of a mile north-west of Winterbourne 
Church. (See section, fig. 3, p. 510.) 


Ill, Exposures In THE Parisu or BoxForp. 


Four out of the five Winterbourne exposures just dealt with fall 
within a narrow belt of country having an east-and-west trend. 
The more numerous exposures on the western, or Boxford, side of 
Borough Hill have, on the whole, a roughly north-and-south 
arrangement, and consequently furnish us with a fragmentary 
section at right angles to that given by the first series. 

Beginning on the north, the first rubbly patch to be noticed is 


(£) One furlong north-east of Wyfield-Manor Farm. 


This is against the old hedge-bank which marks the Boxford- 
Winterbourne parish-boundary. The little chalk visible is soft, 
white, and fine-grained ; it contains a few small fish-remains, but 
no phosphatized foraminifera. The only noteworthy organism 
represented in the samples taken was Uintacrinus. 


(g) Pit 1 furlong west of Wyfield-Manor Farm. 


This shows 8 feet of soft, white, blocky chalk, with a very few 


scattered nodules of flint near the top, and a thin seam of tabular 
2m 2 
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flint, which has an inclination of about 5° north-eastward—possibly 
an oblique vein. The chalk, which is non-phosphatic, resembles 
that of the upper part of the Micraster cor-anguinum-Zone in this 
district ; and as the few fossils obtained during a close search 
include no forms suggestive of newer beds, we refer it to that zone. 
Though of little interest in itself, the pit acquires some importance 
from its proximity to the boundary of the Eocene Beds, which come 


on about 100 yards to the south-east, at a higher level by about 
25 to 30 feet. 


(h) Exposure 300 yards south-west of Wyfield-Manor Farm. 


This is a broad patch of rubble, in clayey soil, about 160 yards 
south of, and 15 to 20 feet higher than, the pit (g), and close to 
the Eocene boundary, the position of which we could not determine 
within a few yards. 

The chalk in the lower and western part of this scar is of the 
same character as that seen in the last pit, and with its surface- 
débris are associated many pieces of tabular flint. No distinctive 
fossils were forthcoming. The rubble in the higher part of the 
same patch, and the solid rock beneath it, however, have both 
yielded remains of Uintacrinus. The other fossils are 


Tnoceramus. Vineularia sp. 
Ostrea sp. Asteroid-ossicles. 
Rhynchonella plicatilis, Sow. Bourgueticrinus. 
Rhynchonella reedensis, Eth. 


It would seem that this patch of rubble marks the outcrop of 
beds immediately above and below the junction of the Micraster cor- 
angumum- and Marsupites-Zones. 

Some specimens of the Uintacrinus-Chalk contain a very small 
proportion of phosphatized material, in the form of coprolites and 
minute, subangular, brown objects (which may be concretions); others 
contain nothing of the sort. We have observed no phosphatized 
foraminifera. 

Having regard to the character of the Chalk in the last three 
exposures, and to the position of the exposures themselves, it is 
highly probable that the Reading Beds in the northern part of the 
Borough-Hill outlier rest upon Chalk no younger than that of 
the Uintacrinus-Band. Setting aside all question of the thickness 
of the Uintacrinus-Chalk, there is clearly no room here for one 
quarter of the phosphatic beds of the Marsupites-Band and of later 
age seen on the eastern side of the outlier, near Winterbourne; and 
the only circumstance known to us which is in any way suggestive 
of the presence of some representative of that group near Wyfield 
Farm was the occurrence, on the surface, of a flint-cast of Echino- 
corys scutatus possessing the stunted pyramidate form characterizing 
the species in the highest Marsupites- and lower quadratus-beds in 
the pit (a). This cast was found, by one of us, a few yards to the east 
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of the rubble-patch (h). It has the greenish colouring and pitted 
surface of the fints in the Reading ‘ Bottom-Bed’; so that the 
possibility of its having been carried some distance from its parent- 
beds, in early Eocene times, must be added to that of its having 


been shifted by human agency after its appearance in the soil. 


(i) Exposures by Rowhedge. 


Along the northern side of the timbered cultivation-bank named 
Rowhedge, the Chalk, in many places, is so thinly covered by the 
soil, that one may obtain a fair idea of the changes in the larger 
lithological characters of its beds, from older to younger, while 
walking up the slope towards Borough Hill. Below the 400-foot 
contour-line the chalky soil is strewn with whole and broken flint- 
nodules. At or about that line the nodules are, to a large extent, 
replaced by fragments of tabular flint, which become scarcer higher 
up. From a trial-hole a little above the 400-foot line, and about 
20 feet below the level of the base of the Reading Beds, we got 
samples of a soft, white, non-phosphatic chalk, with Utntacrinus. 
Ten feet higher (where the chalk is disappearing beneath a heavy 
wash of clay and pebbles) the same fossil and a stout example of 
Porosphera globularis were found in white chalk, with small fish- 
remains and rare phosphatized foraminifera. 

On comparing the positions of these exposures with those nearer 
Wyfield-Manor Farm, one gains the impression that the vertical 
distance between the base of the Eocene Beds, on the one hand, 
and the junction of the Uintacrinus-Chalk with that containing the 
tabular flints, on the other, is increasing towards the south ; and the 
reality of this divergence is demonstrated a little farther on in that 
direction. 


(j to r) Exposures near the Eocene boundary between Row- 
hedge and a point 150 yards south-east of Iremonger’s 
Cottages. 


(j)—At or close below the boundary of the Reading Beds, 
about 40 yards south of Rowhedge, there appear in the soil a few 
rough pieces of hard, yellow, distinctly Phosphatic Chalk, containing 
occasional green and brown concretions and impressions of sponges 
(mostly Coscinopor a guincuncialis and Ventriculites radiatus). 
With these pieces of rocky chalk are associated guards of Actino- 
camax, some of which are sufficiently well- preserved to be safely 
referable to A. granulatus. Here we have found, also, part 
of a dwarfed pyramidate Echinocorys scutatus, with a valve of 
Plicatula sigillina attached, and a flint-cast of Mvcraster cor- 
anguinum, var. latior. Farther south, the bits of hard chalk 
become abundant and the belemnoids common, while the strip of 
ground on which they occur widens and assumes a gentler trans- 
verse slope. A trial-hole, made in a plough- -furrow within this 
belt, proved a mass of hard rubble less than 2 feet below the 
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general surface of the field. It is to be inferred that this belem- 
noid-bearing rubble marks the outcrop of Chalk contemporaneous 
(if not continuous) with that forming bed (4) and the lower part 
of bed (5) of the Winterbourne (a) section, three-quarters of a mile 
to the east. We found remains of Marsupites and of Uintacrinus, 
in their proper relative positions, farther down the slope towards 
Hangman-stone Lane. 

Followed southward, the upper limit of the rubble-belt diverges 
markedly from the Eocene boundary, and falls nearly to the 
400-foot contour on the end of the blunt spur to the south-west 
of Borough-Hill Camp, leaving room for about 15 feet of higher 
Chalk between the rock-band which it indicates and the base of the 
Reading Beds. Near this spot, there seems to be a considerable 
development of hard beds in the Chalk, for a closely-packed rubble 
of the yellow, sponge-impressed rock, almost bare of soil, extends 
down the side of the valley (of Hangman-stone Lane) for a vertical 
distance of 40 or 50 feet, and is marked by a faint terrace-feature 
near its lower limit. 


Between the end of the spur before mentioned and the head of 
the re-entrant by Borough Copse, the bed yielding the hard rubble 
either becomes greatly reduced in thickness, or is more thickly 
covered by wash from the Reading Beds, as it ceases to be con- 
tinuously traceable. There are only two fair exposures of the 
Actinocamax-quadratus Chalk above it—those marked (kk) and (1). 

The first of these (kK) is in a small overgrown pit, at the end of a 
cart-track. The southern side of the working shows a few square 
feet of soft, white, flintless chalk traversed by fine, straight, tubular 
borings filled with material of a coarse texture, in which fish-remains 
and brown grains are apparent. The wash-residues consist of 
unphosphatized tests of Rotaliide (to 0°7 mm. in diameter); plates 
and subangular lumps of calcite (commonly 0-2 to 0-5 mm.); prisms 
of Inoceramus ; chips of fish-teeth, bones, and scales ; a few brown 
coprolites and phosphatized casts of Globigerina and Textularia; 
some black granules and rare quartz-grains (to 0°25 millimetre). 


The bigger fossils noticed in this slightly-phosphatized Chalk 
are :-— 


Tnoceramus sp. Asteroid-ossicles. 
Ostrea sp. Porosphera globularis (Phill.). 
Rhynchonella plicatilis, Sow. Porosphera pileolus, Lam. 


Serpula plana, 8. Woodw. 


Part of what seems to be a detached body, or lenticle, of very 
hard yellowish chalk is exposed on the north side of the pit. 


Exposure (1) isin a patch of soft rubble a little above the 
400-foot contour, and close upon the boundary of the Reading 
Beds. The solid rock, forming a remarkably-even floor to the 
soil, and lying less than a foot below the surface, is coarse and 
gritty, and has the characteristic grey hue of Phosphatic Chalk. 
Its residues, which have a pink or flesh-coloured tint, resemble 
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those obtained from the upper part of bed (5) of the Winterbourne 
(a) section—small lumps and platy pieces of calcite and Rotaline 
foraminifera being the chief constituents. Phosphatized fora- 
minifera (as usual, mainly Globigerina and Textularia), coprolites, 
fish-remains (which are responsible for the pink tinge), and black 
grains, all are common. When treated with hydrochloric acid, a 
small proportion of the phosphatized material (foraminifera, and 
grains or chips of uncertain origin) remains as pale-green trans- 
lucent or opaque glauconite. Quartz-grains are very small, and rare. 
The fossils collected include :— 


Inoceramus sp. | Cytherella Williamsoniana, Jones. 
Ostrea vesicularis, Lam. Cidaris sceptrifera, Mant. 
Ihynchonella reedensis, Kth. Cidaris hirudo, Sorig. 
Clausa Francqana, V Orb. |  Asteroidea. 
Vineularia sp. | Porosphera globularis (Phill.). 

| 


Cythereis ornatissima (Reuss). Porosphera patelliformis, Hinde. 
Cytherella ovata (Romer). ,  Porosphera sp. 

Exposure (m).—At this place, on the northern slope of the 
little dale heading in Borough Copse, there is a broad spread of soft 
rubble, the chalk in and beneath which is distinctly phosphatic. 
A few broken guards of Actinocamax granulatus (?), a stout Poro- 
sphera globularis, and pieces of Micraster and Echinocorys, occur 
in the upper part of this patch, and plates of Marswpites in the 
lower—where there are clear indications of a thin band of hard, 
podular rock similar to, and probably on the same horizon as, 
the bed numbered (2) in the Winterbourne (a) Pit. 

At (m), in the bottom of the dale, about 150 yards south-south- 
east of this, and perhaps 20 feet lower, the plough has turned up 
soft, white, non-phosphatic chalk containing Uintacrinus. 


From Borough Copse southward to the hedge west of the Roman 
Villa, there are frequent indications of a hard, yellowish chalk, with 
sponge-casts, a little below the 400-foot line, the plainest being 
at (0), where there is a small but distinct step or terrace in the 
slope, covered thickly by the débris of that rock. A little to the 
north-west of, and below this feature, gritty, phosphatic chalk, like 
that of the Marsupites-Band, occurs in the soil; and, still lower, 
the rubble of the Utntacrinus-Beds. 

The same downward succession has been proved at the spot 
marked (p), and firm white chalk with tabular flints observed in 
the bottom of the dale, at 1 furlong to the north-west. 

Between exposure (p) and Iremonger’s Cottages, the Chalk is 
hidden by a ‘ creep’ of pebbly clay; but at the latter place (q) soft 
though lumpy, white, non-phosphatic beds with thick bands or 
lenticles of very hard, yellowish-white, slightly-phosphatic rock 
containing green concretions and hollow casts of sponge-spicules, 
crop out in the cultivated ground immediately to the west, and, ata 
rather higher level, to the south, of the buildings. The wash-residues 
of the softer chalk here differ from those of all the chalks hitherto 
noticed, in consisting very largely of remains of bryozoa (notably 
Crisina and Vincularia), associated with those of Pentacrinus. 
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The fossils noticed are :— 


Ostrea vesicularis, Lam. Membranipora sp. 

Kingena lima (Defr.). Eschara Lamarcki, Hag. : 
Rhynchonella sp. Vincularia ef. longicella. a Orb. 
Terebratulina striata (Wahl.). Bairdia subdeltoidea (Miinst.). 
Clausa Francqana, V Orb. | Cytherella ovata (Romer). 
Crisina cenomana, VOrb. | Cidaris serrifera, Forbes. 
Crisina unipora, @ Orb. Cidaris sp. ; , 
Entalophora virguia (Hag.). Metopaster Parkinsoni (Forbes). 
Entalophora Pergensi, Gregory. Bourgueticrinus. 

Tervia Gamblei, Gregory. |  Pentacrinus. : ; 
Tervia subgracilis (v’Orb.). Porosphera globularis (Phill.). 
Biflustra variabilis, V’Orb. Porosphera sp. 


We are uncertain as to the age of these beds, as the above 
list of fossils from them contains nothing zonally distinctive. It 
might be supposed that the hard bands noticed here are the equi- 
valent of those observed at and near the base of the Actenocamaa- 
quadratus Zone, and in a similar position with reference to the 
base of the Eocene Beds, farther north; but this idea seems to be 
negatived by the evidence obtained a short distance to the south- 
east." 

The only other beds in this district in which we have found 
remains of Pentacrinus and an abundance of bryozoa are of Mzcraster 
cor-anguinum-age. These are described below [Pit (w), p. 517]. 


At the point lettered (1), about 150 yards south-east of Iremon- 
ger’s Cottages, there is a surface-exposure of soft white chalk (the 
débris of which is mixed with very numerous green-coated flint- 
nodules and small green flint-pebbles), at the boundary of the 
Reading Beds. This contains small fish-remains and a few brown 
coprolites, and has yielded the following larger fossils :-—— 


Ostrea vesiculuris (1) Lam, Uintacrinus. 
Eschara Lamarcki, Hag. Porosphera patellifornis, Hinde. 


Here then, at a distance of a little more than two- 
thirds of a mile south of Rowhedge, we again find the 
Uintacrinus-Beds in contact with the Reading Series, 
the higher Chalks, intercalated between them in the 
interval, having disappeared. 

Still farther south, the Urntacrinus-Chalk itself is cut out, or 
very nearly so; for small pits at Broomclose Border, south-east of 
Basing’s Farm, and little below the basal plain of the Eocenes, 


show normal flinty chalk of ‘ cor-anguinum’ aspect. (See section, 
fig. 4, p. 510.) 


(s) Pit 1 furlong east of Boxford Rectory. 


This is a little working showing a few feet of soft white chalk, 


[When the Geologists’ Association visited the district shortly after the 
reading of this paper, Mr. A. C. Young found a well-granulated guard of 
Actinocamax granulutus in one of the surface-blocks of hard chalk a little to 
the west of the cottages. It is probable, therefore, that part, at least, of the 
rocky beds here belong to the zone of A. guadratus, and that the local suc- 
cession is the same as that at the places marked (m), (n), (0), & (p).] 
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with small and widely-scattered flint-nodules. Fish-remains and a 
few coprolites occur in the residues. The Chalk contains very few 
fossils of megascopic dimensions, and proof of its Uintacrinus-age 
was obtained with difficulty. We could find no exposures of the 
Chalk (at least 30 feet thick), which comes in between the top of 


the pit and the base of the Reading Beds in Hoar (or Hour) Hill, 
to the south. 


(t) Exposures in the banks of a lane south-east of 
Boxford Schools. 


About 60 yards north-west of the pit (s), and 10 to 15 feet 
below the level of its floor, soft white Uintacrinus-Chalk occurs in 
the road-banks. 

Nearer the Schools, at a lower level by about 30 feet, a very 
hard chalk, continuous with that seen at the top of the excavation 
now to be described, is exposed in a like position. 


(u) Quarry 300 yards north-north-east of 
Boxford Church. 


This is an old excavation of considerable size, but the greater 
part of its face is buried under bush-grown talus. The following 
succession can be made out near the northern end (descending 
order) :— 

Feet 

4. Soft to very hard, yellowish-white chalk, having a lumpy or nodular 

appearance on weathered surfaces, and containing a few flints in the 
lower part. ‘The softer portions have an indistinctly-conglomeratic 
or brecciate structure. The harder occur in ill-defined bands 
parallel to the bedding, and in elongate bodies or pockets, at various 
angles thereto. Oysters abound in places, and are often so disposed 
in the mixed, hard and soft, lumpy chalk as to suggest that they 
grew upon very uneven fissured surfaces. he softer chalk of this 
bed, or group of beds, is distinctly phosphatic, the residues being rich 
in brown polished coprolites, casts of Globigerina and Textularia 
and other toraminifera, and a variety of organic débris of doubtful 
origin. Brown and light-green concretions of angular form (up 
to a quarter of an inch in diameter) are very abundant in places. 
Fish-remains occur, but are not very prominent .............. about 10 
3. Firm, harsh, irregularly-jointed, and lumpy, white chalk with one 
distinct band of nodular, and a few seaims of tabular, flint near the 
middle. The residues of this chalk are bulky and often very coarse. 
Samples from the lower part of the bed are full of Asteroid-ossicles, 
fragments of Znoceramus, broken Cidaris-plates, etc. No phosphatic 
material was noticed. A thin seam of grey rubbly marl occurs at 
TH IKSAIOZASTS) » codon gbocaan besa SB SRDSCAp Obese OoCRG cH aeEMEsadopbnaned eccsococse about 14 
2. Yellow rocky chalk ; minutely banded with iron-stains, and containing 
green concretions. The top of this hard band is even and clearly 
defined, and bears in places a very thin brownglaze. From it descend 
borings filled either with the marl or with soft chalk, the latter 
containing a small proportion of phosphatized material of the 
OGLE am CE Coonctoontctobdessuouacodsetce” SaScoc eb pac onoreeonecncunsiobdoosac 1 to 24 
1. Soft, white, blocky chalk, passing up into the above rock. It contains 
one prominent band of large flint-nodules (about 5 feet down) and 
many small, scattered, finger-shaped flints. Many of the big flints 
are studded with Asteroid-ossicles and remains of Cidaris and 
GOALIE Sco boc00002 000 1ONRNOG. JOH TOBOOL SOOO GOI ITS IDGOL TOBE CO GORIGEUOGOCL a 
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The flint-band in bed (1), and the top of the hard chalk-band 
(2), dip about south-south-cast at 23° to 25°. The higher beds are 
poorly exposed on a broken face, at a wide angle to the dip. 

The names of the fossils obtained from the several beds are 
tabulated below :— 


| x = observed occurrence ; | | 
e=common; ve=:verycommon. Brps...| 1. | 2 3. 
| Lamna appendiculata, Ng. .toorcsccrccsereoscosses 
Exogyra sigmoided, Reuss  ....eve.iseeeseeeeeee ape a0 soc 
Inoceramus Cuviert, SOW. ....0..eseccececcseesees i) ee AO 
Ostrea hippopodiwm, Nilss. .....+.s.secseeeecrerees | 
Ostrea (ct.) lateralis vay. striata, Nilss.......... ee as poe 
TTI GHOD COAHOSIR ADEN. cb onndobbasecnndentodcdcsonden I 50¢ cereal 23s 
Teredo amphisb@nd, SOW. ..csecseesscoscsenceeree| cee 
Kingena lina (Defr.) .2......scenee vecnesee seer es} < ; 
| Terebratula carned, SOW....00....s0cdmsecereccesees SABE Ath ee. 
| Terebratulina striata (Wahl.)............seseseess ape) lh eee | 
Berenicea polystoma (Romer) 
Crisina cénomand, WO. ........0--sseeeeeee eens 
| Idmonea alipes, Gregory | 
Proboscina angustata, VOrb. ......... sssceniee sete 
Stomatopora gracilis (M.-Edw.).........s..0ceee | 
| Stomatopora granulata (M.-Kdw.)..........0066 | 
| FEE CGR STAGES (GMO) adogedaaqceksaeesco0s60)| | 06 | 
| FO COROT EG MUIR) Waoc popno on cudenbeconooosncesoso doc, | 
| Vincularid Sp. ..0...seeceree Noda apeacate tint sererietse ey eee 
| Bairdia subdeltoidea (Munster) Wa ueaty | ema 


Cytherella ovata (Romer) Pees a bsaar We “Sd 
Serpula granulata, SOW. .....:0.csesereorcoveerees 506 | 
Serpula plana, 8. WOo0dW. ........0+0-sseseseeee i 
Curis) CLAOUG ET. ay OUI ere etcaceee ces sceerias 
OFA GYAE TOU OTD ISOTNEE, cpocecbeoancdnbosecaed ais x 
Cidaris perornata, Forbes .........csscs.sssss000- ae 
Cidaris sceptriferd, Mant. ve. sccsc+ssensess sre 1 
Echinocorys scutatus, Leske. Ovate form | 
Helicodiadema fragile (Wilt.) 
Micraster cor-anguinum (Klein) | 
Asteroidea 
Bourgueticrinus 
POE CORUIVUS Tc scion eee senoasee see seee ances 
Porosphera globularis (Phill.) 
Porosphera patelliformis, Hinde | 


Plinthosella squamosa, Zittel .... | x 


Q 


BSCE RK OOK 


SEEDER BRO RSS Se se rod xx | 


The Chalk seen in this quarry all belongs to the zone of Micraster 
cor-anguinum ; and—to judge from the relative frequency of the 
species in the lowest bed, where the lithological conditions are 
normal—to horizons which are hetween 30 and 60 feet below the 
top of that zone in other parts of Berkshire. 

That its strong dip towards the south-south-east is not main- 
tained far behind the strike-face of the quarry, is evident from the 


‘So far as we can ascertain, Exogyra sigmoidea has not hitherto been 
recorded from the Chalk of this country. 
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presence of Chalk no younger than that of the Uintacrinus-Band at(s), 
a third of a mile distant in that direction, and some 40 feet higher, 
above sea-level. Unless there is a fault or sharp syncline between 
the two places, the beds must become horizontal, or nearly so, 
immediately to the south-south-east of the quarry. The fact that 
hard chalk, similar to, and, in part, clearly continuous with, that at 
the top of this working (w), is traceable in the rubbly soil southward 
to the lane by the School (t), favours the idea of a rapid flattening 
of the dip south-south-eastwards. There is evidence that the 
inclination of the beds decreases more slowly in the opposite direc- 
tion. [See note on the pit (w), below.| We strongly suspect that 
it is a strikeward extension of this flexure which brings in the 
‘ belemnoid-beds ’ on the south side of Rowhedge, at (j). 
North-east of this quarry (u), hard chalk forms a marked bluff 
which follows the east side of Hangman-stone Lane to a little 
beyond the sharp bend near the figures ‘310’ (see map, fig. 1, 
p. 500), and a belt of hard rubble extends from this bluff, east-north- 
eastwards, along the hedge towards the spread of similar débris, 
with <Actinocamax granulatus, descending from near (j) and (k). 


(v) Exposures about a third of a mile north-north-east 
of Boxford Church. 


The arable land on the end of the rather acute and steep-sided 
spur in the angle between the Lambourn and Hangman-stone 
Lane valleys is thickly strewn with lumps of chalk and stout 
flint-nodules, evidently derived from the rock below. Samples of 
the solid chalk extracted on the lower and middle slopes of the 
spur, north-west of the angle in the road near the quarry (uw), 
were found to be rich in phosphatized organisms: the bulky wash- 
residues containing an abundance of pale-brown casts of foramini- 
fera, with the usual coprolites, fish-remains, and small concretions. 
Most of the unphosphatized material is comminuted Jnoceramus- 
shell. Megascopic fragments of Micraster and Jnoceramus are very 
common, and the greater part of two tests of MV. cor-anguinum were 
found in the rubble on the surface. 

The chalk on and below the surface at the top of the spur 
contains (at the points where samples were taken) a very small 
proportion of phosphatic granules, and is evidently very flinty. 

The high south-south-eastward dip noted in the quarry (w) about 
1 furlong to the south, as also the absence of the hard beds there 
found, leads us to infer that the Phosphatic Chalk on the middle 
and lower slope at the end of this spur is older than any hitherto 
dealt with in this paper. Its thickness is unknown, since the dip 
could not be ascertained. Its position with reference to the next 
pit (w), and the characters of the associated Micrasters, enable us to 
assign it to the upper half of the Micraster cor-anguinum-Zone. 
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(w) Pit at Westbrook Farm. 


This is in normal Chalk, rich in flints but very poor in fossils, 
and having the appearance of that particularly-uninteresting rock 
which is usually found in the midst of the Micraster cor-anguinum- 
Zone in this district. The pit is mentioned, because it shows the 
beds at that spot to be dipping in the same direction as those 
in the Boxford Quarry (a), a third of a mile to the south-east, but 
at an angle of only 5° or 6°. 


The descending succession recognized on the western, or Boxford, 
side of the Borough-Hill ridge is, then, as follows :— 


1. Reading Beds of the Borough-Hill Outlier. 
2. Phosphatic Chalk ; exposures k,1,j,0, p,q? Zone of Act. quadratus. 


3. Phosphatic Chalk; exposures M,0,p .....- eet 5 

4, Feebly-phosphatic to normal Chalk, with oo GG MRCRUTES (ee 
flints ; exposures f, h,i,n, 0, p, T,S,t ... Band. ) s iS) 

5. Normal flinty Chalk; exposures g, h,i ...... } 

Gn Bhosphatic @halkessoltal mrnatcesenaecdescesaeet | ioe 

q Normal flinty Chalks) pitt csc. sneer desscess- b ties sie 

8. Phosphatic Chalk (? with flints); exposure V | J é 

9) Normalitimty«Ohalkyspltuwages crete esters 3 


The maximum thickness of the Phosphatic Series, from the base 
of the beds numbered (8) to the summit of those numbered (2), in 
the above succession, we roughly estimate at 130 feet; assigning 


to the 


Feet. 
Actinocamax-quadratus Beds..........0.0ceeeeees 20 
to the: Mansipites- Zone) paecdese--shon- esses esses 30 to 40 
and to the Micraster cor-anguinwm-Beds...... 80 to 70 


IV. Conctupine Remarks. 


The data collected in the piece of country dealt with in this 
paper suffice to show that the more or less Phosphatic Chalks above 
the Uintacrinus-Band between the villages of Winterbourne and 
Boxford lie in a trough or basin the formation of which antedates 
the deposition of the Reading Beds (see fig. 4, p. 510). When the 
area of observation is extended, it is found that the Uintacrinus- 
Chalk of that tract itself lies in a structural depression. 

In view of the development of phosphatic and of hard rocky 
beds, indicative of slow and interrupted sedimentation, in the 
underlying cor-anguinum-Zone, it seems not unlikely that this basin 
is an original, or inherent, feature of the Chalk, directly attributable 
to a local attenuation of that zone. That this explanation contains 
some elements of truth we do not doubt, but the unusually pro- - 
nounced dips noticeable in the larger excavations in the district, 
and, above all, the remarkable disturoance which has tilted the 
Chalk near Boxford at an angle of 25°, strongly suggest that the 
troughing which sheltered the outlier of phosphatic and normal 
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beds of Marsupites- and later age from the early Eocene planation is 
due, inno small degree, to differential earth-movements taking place 
either soon after or during the formation of the Chalk. We hope to 
enter more fully into this question on another occasion. It may, 
however, be mentioned that this is the third locality within the area 
of the London Basin where we have noticed the incoming of higher 
beds of the Upper Chalk, as outliers, beneath the Eocene strata to 
be heralded or accompanied by a marked increase in the inclina- 
tion of the bedding-planes of the former rock. 

The Winterbourne-Boxford phosphates have a known range in 
time considerably greater than those of Taplow. Their advent far 
down in the Micraster cor-anguinum-Zone is especially interesting, 
for in England, as Mr. Jukes-Browne has remarked, that subdivision 
of the Chalk almost everywhere 
‘presents the appearance of having been quietly and continuously accumulated 
in water that was seldom disturbed by bottom-currents ’ ? 
albeit a tendency to develop hard bands at one horizon, at least, is 
apparent in the western part of the London Basin. 

It is difficult to find a satisfactory explanation of the persistence, 
or frequent recurrence, of the exceptional conditions responsible for 
the formation of such deposits, at one spot on the floor of the 
Senonian Sea, throughout an epoch which seems to have been no 
inconsiderable fraction of Cretaceous time. 

The Phosphatic Chalks of Winterbourne and Taplow evidently 
mark places on the sea-bottom particularly lable to the impinge- 
ment of strong currents, and may mark places above which the 
water commonly had a gyratory motion, as in an eddy. In any 
case, their zonal range argues a marked degree of stability in the 
current-system of the body of water in which they were laid 
down. 


In coneluding, we desire to express our thanks to Mr. George 
Baylis, who has kindly given us access to his land around Wyfield 
Manor; and also to the Misses Baylis, to Messrs. Frank Comyns, 
M.A., H. A. Allen, W. D. Lang, M.A., R. Bullen Newton, and 
Herbert L. Hawkins, who have assisted us in various ways. 


Discussion. 


Mr. Srrauan congratulated the Authors upon their discovery of 
another occurrence of Phosphatic Chalk, and expressed his high 
appreciation of the precise zonal work which they had carried out 
in their investigation of the deposit. The results that they had 
obtained could have been got in no other way. ‘hey had proved that 
the phosphatic deposits had a greater vertical range than at Taplow; 
they had confirmed their conclusion that the phosphatization 
accompanied an abnormal condition of some of the zones; and 
they had proved the existence of pre-Eocene flexures in the Chalk 


1 Mem. Geol. Surv. ‘ The Cretaceous Rocks of Britain’ vol. 1ii (1904) p. 368. 
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in both localities. It was noteworthy that the character of the 
phosphates suggested a place where small fishes had thriven and fed, 
rather than one where they had died. The deposit differed from 
most fish-beds, in the fact that coprolites were numerous out of all 
proportion to bones. It was still a question what the fishes were, 
and where they left their bones. 

Mr. Treacuer, having thanked the Chairman (Dr. J. E. Marr) and 
the Fellows for their kind reception of the paper, said that the failure 
of Mr. Strahan to find this particular deposit during his search 
for Phosphatic Chalk some years ago, after his discovery at Taplow, 
might be explained by the fact that the exposure at Winterbourne 
was a very small one in the middle of a field, out of the way 
of any public road, and that much of the evidence given in the 
paper was obtained by the Authors by making small excavations 
in the ploughed fields for the purpose. As was mentioned in the 
paper, the first discovery of the belemnites and other fossils was 
due to the interest taken in geology by members of the family of 
Mr. George Baylis, of Wyfield Manor, on whose land nearly the 
whole of the chalk dealt with is situated. This is a good instance 
of the useful work which local geologists may do, even if only 
beginners in the science. 

With reference to Mr. Strahan’s remark as to the abundance of 
coprolites of small fishes found in the Phosphatic Chalk and the 
comparative scarcity of their bones, it might be observed that many 
minute chips of bone did occur, and that much of the material might 
have been dissolved and the phosphate therefrom taken up by 
foraminifera, shells of molluscs, and other organic remains, which 
were found in a more or less phosphatized condition. The swarms 
of belemnites might also have had something to do with it. 

Mr. H. J. Osporne Wurre remarked that there was still much to 
be learned about the structure of those parts of the country that 
were occupied by the Chalk. The preparation of a zonal map of the 
formation was much to be desired. He joined Mr. ‘l'reacher in 
thanking the Fellows for the reception accorded to the paper. 
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24, On the Occurrence of Limustonn of the Lownr CarBonirErous 
Serres in the Cannocx-Cuasp Portion of the Sourn Srarrorp- 
SHIRE Coatrietp. By Guorce Marmapuke Cockry, F.G.S. 
(Read March 7th, 1906.) 


Tue South Staffordshire Coalfield embraces a district 26 miles in 
length, and includes the southern portion of Staffordshire as well 
as portions of Worcestershire, Warwickshire, and Shropshire. 
Over the southern portion of this coalfield the Coal-Measures rest 
directly upon the Silurian limestone. This is known to be the case 
as far north as the Great Bentley Fault, north of which a deep 
sinking and borehole at No. 2 pit, Cannock-Chase Colliery, proved a 
thickness of 1212 feet of Coal-Measures below the Deep Coal-Seam, 
succeeded by 102 feet of limestone-rock, said to be Silurian 
limestone. 

It has been thought up to the present time, in the absence of any 
proof to the contrary, that the Lower Carboniferous rocks are 
altogether wanting in this area. Jukes, in his Geological Survey 
Memoir on the South Staffordshire Coalfield, 2nd ed. (1859) p. xii, 
says :— 

‘These vast formations of Old Red Sandstone and Carboniferous Limestone 
(to say nothing of the lower part of the Coal-Measure Series or Millstone Grit) 


are altogether absent in South Staffordshire, neither is there the slightest 
reason for supposing that any part of them ever existed in that district,’ 


Dr. Charles Lapworth & Mr. A. Sopwith, in Part III of the 
Report of the Royal Commission on Coal-Supplies, published in 
1905, make the following statement :— 

‘Neither Carboniferous Limestone nor Millstone Grit are known to occur 
within the limits of the South Staffordshire Coalfield. The oldest beds yet 
recognized are certain Ganister-like strata associated with the deepest Coal- 
Measures in the borings in Cannock Chase, In the neighbourhood of Walsall 
and Dudley the basement Coal-Measures lie at once uncontformably upon the 
Silurian rocks; and this also appears to be the case somewhat farther north, 
as shown in the boring at No. 2 Pit, Cannock-Chase Colliery. Elsewhere in 
the Cannock-Chase area proper, the base of the South Staffordshire Coal- 
Measures has not yet been proved.’ 


Over 30 years ago a shaft was sunk at No.1 Fair Oak, about 
5 miles north of the boring at No. 2 Pit, Cannock-Chase Colliery. 
No workable seam of coal was found at No. 1 Fair Oak in the 975 
feet of strata sunk and bored through. The coal found consisted 
of a seam 3 inches thick ata depth of 420 feet, and another half 
an inch thick at a depth of 567 feet. 

The failure to find the workable seams of the district may be 
attributed to the fact that the Coal-Measures at and above the 
horizon of the Deep Coal-Seam have been denuded over an area 
shown by shaded lines in fig, 1 (p.524). Afterwards a pair of shafts, 
called No. 2 Fair Oak, were sunk 800 yards distant, and excellent 
coal of normal thickness was there found, and worked to a consider- 
able extent. The shaftat No. 1 Pit was 15 feet in diameter, and was 
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sunk to a depth of 249 yards, the remainder being bored: a descrip- 
tive section of the strata passed through is appended below. Before 
the undertaking was abandoned, an exploration-head was driven in 
the dark shales at the bottom of the shaft to the full dip of the 
measures—30° or 1 in 1°75—for 44 yards, and from it heads were 
driven at right angles for 150 yards on the strike. 


Account oF STRATA SUNK AND BORED THROUGH ArT No. 1 Prt, 
Farr-Oax Contimry. Completed October 25th, 1875. 


ees i one) Total 
Description of Strata. Thickness. een 
yds. ft. in. | yds. ft. in. 
iMGravel-andssandl few ccucasamnsciesscesccasiisesssecee. ee anit Se. oy ath 
Bunter sandstones and conglomerates, containing 
copper-pyrites and galena in places ............ 90 2.8 i il 7 
Red marls, with large ironstone-nodules, and 
light-crey sandstones) qnceorssscsesecse-sceeeracn Ay We IG) | 
Smnabtiy: coal Meneame serene dusdsanessenecaoecerecdes ee Ee 
Redtinarleicecccr etc cee eae ee eee 20a 3 1430 3 
Red and white sandstones and shales ............ Ze loom La) 
Tey ONS) Tae Sapodnononrpanedaaorsbo oda doncodocnmanacane @- Oy O) WG ah ICD) 
ivecichial eucnntansonstecee ct co canoe asec a uaces 4 2 6 166; tf 4 
Black shale, with numerous fossil shells ......... oy L672 
Carbonaceous shale and smut ..................... Sy LG IY | 
Gireys clays rarnrcccn ceiidccnnas encstae ses aeeion snaeeact On ONG i ea) 
Dark shales, with ironstone-bands and nodules.| 15 0 6 | 189 O 10 
Oa Base vemaecun te vaccetciwn cnet. Spa scemeie Seer 4 | 189 0 102 | 
Hard coarse sandstones ........60...0.c0-seesenee oes 9 2 8 | 199 0 62) 
Shales, with ironstone-balls .................0....5. ISIS 855 217 oe 2s 
ine cla yarsescacantectaeh ene casecie tedster ct emiecs sia neuct 2 2 | 218 1 44 
lard lonibienccsrsantescce sece eres erate emyon mache ala, oO) ali Zee 
Darkwoucheclayercesvte seamen osneseameceraces 2-3 | 222 0 72 
Sirallesrandmmonstonemereeneeecenacrrees saeee cote sears LEO OM 23s Ome | 
Peldon [a very hard, flinty stone].................. 0 4 | 234 0 114 | 
Carbonaceous shale and clay ................--seeses 9 | 204 1 83 | 
IbStrongeHreclaviecene man caeene ee sees recsnees. aces: 2 LO) 236" 92 1824} 
IBblWexshialomme cee tate koe eee ees coe enearien ee i} 2) 0) 237 2 82 | 
Dark shale (exploring heads are in this) ......... DRO TON G24. ea 
Hardee rit (bortomiotyshatt)gescccssaccses-r-+ +0 -sr: i 2) 1d Be 
' Dark shale (bore-hole commences) ............... a Jt Bh [ee ae gh 
|, Tele naal politey 7 aKONAL 7 1018 o, cop none coneentomdannbososBackac T2156 | 2547 0452 
Shalesrand nronstoneeccee-cesers eeeeresenceseecnece ce 1 2 6 | 255 2 113 
ID Yard <5 0) GG) te Sao mmesoc pene canobh daponobedsodoGenusas 1S Ge e250 melee os 
Shales and ironstone-bands  ............0.0.0e.c eee e238 225080) 1028 
Redisandstone sa. qsascnsscceeheee nn seonees eo enascnal | IL Gy || Bs Gy Ae 
Dpiplinlesy tiie teem ie eee nent 9 52 Oe 2907 Taal 
Red and variegated sandstones and shales ...... 19° 0 7 | 309° 1 Tie 
_ Hard brown sandstone, with salt water ......... lO ORO So me tie le: 
Hands redisand stone merase esentere:ccsecscenr cece? (22) 7 |), 822) 1 6s 
| Red sandstone, with marl-partings and water... 2 2 0 | 325 0 62 


The waste-heaps had remained undisturbed since 1875, until 
three or four years ago, when Mr. George Wetherall of Rugeley, 


Q.J.G.8. No. 247. 2N 


526 MR, G. M. COCKIN ON LOWER CARBONIFEROUS  [ Aug. 1906, 


then a Clifton boy of thirteen—a nephew of Prof. Bonney—drew my 
attention to some fossils that he had found there. He had already 
shown them to Prof. Bonney, who had explained to him the anomaly 
and also the importance of placing the matter beyond doubt: the 
credit of the discovery is entirely due to Mr. Wetherall. 

Subsequent search has led to the discovery of a quantity of 
fossils belonging to the Lower Carboniferous Limestone. The 
fossils occur in a dark shaly limestone or in a calcareous grit, 
occasionally stained red. Some are weathered from long exposure 
on the heap. In no case has the limestone any appearance of 
being water-worn, but is in the condition in which it would be after 
being blasted out in situ. The fossils have been submitted to and 
named by Dr. Wheelton Hind, F.R.C.S., F.G.S., and are as 
follows :— 


Brachiopoda. Corals, 

Athyris planosulcata, Phil. Amplexizaphrentis, Vaughan, MS 
Chonetes laquessiana, de Kon. Millepond pionhierd sO en ; 
Orthothetes crenisivia, Phil. : P Ura Eat 
Productus giganteus, Martin. Crinoidea—Stem-joints. 
Productus longispinus, Sow. ie M 
Productus punctatus, Martin. Gasteropoda—Platyschisma (4). 
Productus semireticulatus, Martin. Echinoidea—Archeocidaris Urei (2 ’) 
Rhipidomella Michelini, Léveillé. Fleming (plates). 
Seminula ambigua, Sow, ; , 
Spirifer planicostatus, M‘Coy. Lamellibranchiata— Purallelodon 
Spiriferina cristata, Schlotheim. sp. 

Cephalopoda—a fragment. Fish-remains—Scales and teeth. 


The position of Fair Oak with respect to the Cannock-Chase 
portion of the South Staffordshire Coalfield is shown on the plan 
(fig. 1, p. 524); one of the most important features there represented 
is the supposed area of denudation of all the workable seams, indi- 
cated by the shaded portion. The area has been proved, to a certain 
extent, by mining operations ; the denuded portion has been largely 
replaced by Bunter Conglomerates. : 

Fig. 2 (p. 527) shows the position of the Lower Carboniferous 
rocks, so far as can be ascertained at No. 1 Fair Oak. This (as 
already stated) is about 5 miles north of the deep sinking and _ bore- 
hole at No. 2 Cannock-Chase Colliery. The Bunter Conglomerates 
overlying the Coal-Measures thicken gradually northward, until they 
attain their maximum thickness of 300 feet at Fair Oak. About 
1 mile south-east of Fair Oak a trial-shaft and heading at the South 
Staffordshire Waterworks encountered what was believed to be 
the Shallow Coal, cropping up into the Gravel-Beds ; it is probable 
that this marks the edge of the denudation referred to: further 
confirmation of this is required, and it is hoped that future 
mining operations will settle the point and prove the actual extent 
of the denudation. It will be understood that the fault shown 
at C in fig. 2 is hypothetical, and is only introduced as affording 


one explanation of the existence of Carboniferous Limestone at that 
locality. 
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There can be no doubt whatever that the limestone was met with 
in one of the exploring-heads immediately before the abandonment 
of the undertaking, Either the lower beds of the Coal-Measures 
thin rapidly to the north, or else a rise-fault was met with as 
shown. The position occupied by the limestone on the waste-heap 
points to its having been the last material deposited there. 

About 14 miles north-west of Fair Oak, in Wolsley Park, a bore- 
hole has lately been put down to prove the Coal-Measures. The 


Fig. 2.—(See p. 526.) 
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depth bored was about 396 yards; and Mr. Walcot Gibson, in the 
Transactions of the North Staffordshire Field-Club, 1903-1904,' 
expresses the opinion that the strata below a coal-seam at 257 yds. 
2 ft. 6 in. suggest that the boring passed through the Lower 
Coal-Measures and ended in Millstone Grit. 

These evidences of Carboniferous Limestone and Millstone Grit 
are the first that have been brought forward to prove the existence 
of the Lower Carboniferous rocks-under the Cannock-Chase portion 
of the South Staffordshire Coalfield. 


Discussion. 


Prof. Bonney said that, as he had known this part of Cannock 
Chase before the Fair-Oak pit was sunk, and had been aware of the 
discovery of Carboniferous marine fossils before it was communicated 
to the Author, he would add a few words. Some four years ago his 


1 «Sections of Boreholes & Wells in the County of Stafford’ p, 125, 
2N 2 
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nephew, George Wetherall (then about thirteen), showed him some 
fossils which he had picked up on the spoilbank. They were joints 
of erinoid-stems and one or two species of Productus. He told the 
lad that they were likely to be Carboniferous Limestone, but explained 
to him why its occurrence was improbable, and urged him to go on 
searching, when home for the holidays. Hecollected more: they were 
submitted to Mr. E. T. Newton, who kindly identified them; and 
the speaker was intending to publish a short note in the discoverer’s 
name, when he heard that the latter had told the Author, who was at 
work ona paper. So, as he was so much better acquainted with the 
details of the Coalfield, the speaker left the subject to him; and the 
result was the interesting communication to which they had listened. 
The reason for being so cautious was this: about 22 miles to the 
east, the Carboniferous Limestone appeared to thin out on the north 
side of Charnwood Forest; it was doing the same near Wellington, 
about 47 miles to the west; it was probably wanting under the 
Leicestershire Coalfield, and certainly under the Warwickshire, Forest- 
of-Wyre, and Shropshire Coalfields,—in other words, over a semi- 
circular district of which Fair Oak was the centre. He thought 
that the discovery marked a point in the southern shore-line of the 
northern sea-basin, perhaps a bay: thus resembling the limestone 
on the Titterstone-Clee Hills, which must occupy a similar position 
on the northern shore-line of the southern basin. 

Mr. J. T. Sropss, who was unable to be present, sent the 
following contribution to the discussion :— 


‘It is absolutely certain that the débris has been raised out of the shaft : 
whether it was met with in the shaft itself, or in the heading, is not of 
general importance. The horizon of the deposit may be referred to one of 
those limestones that occur near the base of the Pendleside Series, or the 
uppermost part of the Carboniferous Limestone ; and the Author is to be 
congratulated on the paper, which is an important contribution to the problem 
of the continuation of the overlain coalfields of Mid-Staffordshire. The 
existence in this locality of a ridge of Carboniferous rocks belonging to a 
much lower horizon than the lowest workable coal-seams occurring in the 
Midland Counties is beyond dispute. 

‘ Another question is raised by this discovery, namely : whether the limestone 
proved at the bottom of the borehole at No. 2 Cannock-Chase Colliery was 
Silurian. or Carboniferous. So long as people were prepossessed with the idea, 
scattered broadcast in geological and mining literature, that the Coal-Measures 
of this Coalfield reposed unconformably on the Silurians, and that the Lower 
Carboniferous rocks were absent, it was natural that any limestone found at a 
great depth below the lowest coal-seam should be regarded as a Silurian 
limestone. It is now of importance to know whether the person who examined 
the cores was competent to determine Silurian, as distinguished from Carboni- 
ferous Limestone: in other words, can we be certain that this limestone was 
Silurian, and not Carboniferous ?’ 


Dr. Wurrtron Hip also sent the following contribution to the 
discussion :— , 


‘The observations made by the Author are most important, and of great 
interest. They afford further evidence of the gradual attenuation of the whole 
of the Lower Carboniferous rocks as they pass south. Of course it has been 
long known that the Carboniferous Limestone is still present at Lilleshall 
and near Wellington, both about the same iatitude as the Fair-Oak Colliery at 


Vol. 62.] IN THE CANNOCK-CHASE DISTRICT. 529 


Cannock Chase. At the last-named a thickness of only a few feet represents the 
whole of the Carboniferous Limestone of the Midlands, and the fossils distinctly 
point to the fact that the fauna found by the Author represents the very 
highest beds of the Carboniferous Limestone of the Midlands. The coral-fauna 
(Amplexizaphrentis) is found in the upper part of the Upper Dibunophyllum- 
Zone of Vaughan. The presence of Productus giganteus with the corals makes 
the horizon absolutely definite. Attenuation of the Carboniferous Limestone to 
the south has therefore taken place at the expense of the lower beds, which 
-gives important evidence as to the physiography of that period. Farther south 
the Coal-Measures rest directly upon Silurian rocks, the whole of the Lower 
Carboniferous Series being absent in South Staffordshire. I congratulate 
the Author on his valuable paper.’ 


Mr. Watcor Gipson referred to the occurrence of Carboniferous 
Limestone at Lilleshall and at the northern end of the Leicester- 
shire Coalfield, and also in a boring at Kettering Road near 
Northampton. Over the Warwickshire and South-Staffordshire Coal- 
fields its absence was well known, With reference to the presence 
of Carboniferous Limestone in the Fair-Oak trial-shafts, it was 
interesting to find that pebbles of Carboniferous Limestone are 
common in the conglomerates of the Upper Coal-Measures and 
so-called ‘ Lower Permian’ of the Severn Valley; while they are 
rare or are absent from these conglomerates in Warwickshire. It 
is, therefore, certain that the Carboniferous Limestone was being 
denuded during the later stages of the Coal-Measure Period. The 
limestone at Fair Oak would furnish one probable source for the 
pebbles in the conglomerates of the Upper Coal-Measures of the 
Severn Valley. 

Prof. Warts referred to the dolomitization of the Carboniferous 
Limestones north of Charnwood Forest; and asked whether the 
limestone of Fair Oak was in a dolomitic condition. 

The AurHor remarked that but little reply seemed necessary. 
No samples of Silurian limestone had been left at Cannock-Chase 
Colliery No. 2, but there was very little doubt that such limestone 
had been found there. 
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25. On a Case of Unconvormiry and Tarvst in the Coat-Mnasures 
of Noxraumpertann. By Groren AtexanpeR Lesour, M.A., 
M.Sc., F.G.8., Professor of Geology in Armstrong College ; and 
J. A. Suyrn, M.Se., Ph.D., Lecturer in Chemistry in Armstrong 
College, Newcastle-upon-Tyne. (Read April 4th, 1906.) 


[Puaru XLII—Sucrion. | 


I. Iyrropucrion. , 


‘un object of this paper is to describe a case of unconformity, 
accompanied by a certain amount of horizontal thrusting, which 
occurs in the Coal-Measures exposed-—chiefly at low water—on the 
coast of Northumberland at the foot of the Whitley cliffs, and is 
traceable for upwards of a mile. 

The section studied stretches from the bold headland formed by 
the Table Rocks,! northwards almost as far as the Brier-Dene Burn. 
At the southernmost end—that is, at the Table Rocks—the plane of 
erosion in question dips and disappears beneath the sea. Near the 
mouth of Brier Dene it is permanently covered and concealed by 
Drift and beach-deposits. 

The Table Rocks consist of a series of ledges of sandstone, bedded 
almost horizontally, and presenting vertical cliff-faces to the sea. 
A little north of this the cliff becomes overhanging, owing to the 
undercutting by the waves of the soft beds which come to light at 
its base. 

Near the spot marked M on the sketch-map (fig. 1, p. 532), the 
sandstone-cliff, which so far varies from 30 to 40 feet, gradually 
lessens in height, and is overlain by a considerable thickness of 
Boulder-Clay. Up to this point also the foreshore is free from cover, 
though strewn with boulders, and in places obscured by talus-heaps 
burying the cliff-foot, and the strata comprised in it can be well seen 
at low tide. Farther north, however, the boulder-strewn outcrops 
give place to a broad sandy beach (Whitley Sands proper), which is 
broken, near low-water-mark only, by a reef of sandstone. But, 
after specially-heavy storms, the shifting sands, at rare intervals of 
time, bring into view sometimes shingle, and sometimes solid rock. 
It was after such a storm that an unusually-fine exposure of the 
unconformity was observed and recorded by one of us more than 
twenty years ago.” It is only by watching the coast, and seizing 
favourable opportunities during many years, that most of the details 
here given have been obtained. 

The uppermost deposit along this portion of the coast is the 


' This name, although always used in the locality, has not, unfortunately, 
been adopted by the Ordnance Survey. 


* See ‘Nature’ vol. xxv (1881) p. 79 (November 24th), 


Vol. 62.] AN UNCONFORMITY IN THE COAL-MEASURES. 531 


yellow sandstone which forms the Table Rocks, and we shall call it 
by that name. About 40 feet of this well-marked rock is visible 
in the cliffs of which it is the main constituent, and its total 
thickness, as shown in sinkings inland, is not more than 50 feet. 
It is more massive and compact in the southern parts of the section, 
thin and irregular subordinate layers of shale developing within it 
farther north. Its base lies unconformably upon a series of 
alternating shales and sandstones, and it is this unconformable 
junction which we propose to describe. 

From beneath the line of unconformity to the lowest tide-level, 
about 30 to 40 feet of the shales and sandstones just mentioned 
can be observed and measured; but only the topmost 8 or 10 
feet: of this series can be proved to haye been subjected to the 
denudation which preceded the deposition of the Table-Rocks 
Sandstone, although it is natural to suppose that considerably more 
was involved in an erosion so widespread as this. How much 
missing rock the unconformity may represent it is not possible, with 
the evidence at present available, to tell. 

The dip of both sets of beds—above and below the unconformity— 
is, except where in the lower these are faulted and disturbed, one 
of a few degrees (about 4° on the whole) to the south-west, or inland. 
This brings about a general parallelism between the scarped 
outcrops of the cliffmaking Table-Rocks Sandstone and the hard 
bands of sandstone of the lower series, which has, no doubt, helped 
for many years to mask, and withdraw attention from, the uncon- 
formity. 

Since beds of shale and sandstone (such as those of the lower 
series) are of the kind which is common in all parts of the 
Coal-Measures in this coalfield, and bear no special characters 
by which they could be distinguished, it is fortunate that 
the series includes in its upper portion a stratum of marked 
individuality—a bed of clay-ironstone crowded: with shells of 
Carbonicola (olim Anthracosia) aquilina, which we will call the 
Mussel-Band, a bed which serves as a most useful and unmistak- 
able horizon of reference. 

It may be permissible to remind the reader that in the Upper 
Carboniferous of the North of England, mussel-bands are, with the 
possible exception of the thicker coal-seams only, quite the most 
persistent strata met with. In consequence of their remarkable 
constancy, they are of great use as guiding-beds in seeking for, and 
in correlating, certain coals. If the correlation adopted in the 
Geological Survey-map of this district be followed, then this 
particular shelly ironstone is one well-known as occurring a little 
way above the Low Main Seam, but this reference we are not at 
present in a position either to combat or to confirm. Indeed, the 
recognition of the unconformity throws many difficulties in the 
way of the correct interpretation of inland pit- and bore-sections, 
and doubt must (for a time at least) exist as regards several of 
them. 


Fig. 1. 
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The beds referred to in this paper are the following :— 


Urrrr SrErins. 


Feet 
The ‘Table-Rocks’ Sandstone ..............006 380+ 
Uncon formity. 

Lownr Srrtizs. 
Shalesmtansiecchaneccarstoe eee eee Ree ae 12+- 
Mirssels Bands. asec tetee a ereeee oer about 1 
Shalowae ec ek eer ae eee oe 3 
Wand sbOnxsa.ecte eases ae teen on doesent smo eee 8 
Shales seers yas es oe ee 8 
San dsbones, sessnese veep eee nose eee sear 10 to 12 


Shaless ebess Sas cinv oneal eect c uedecne ane aeeeen —_ 


II. Desorivrion or tHe PHENOMENA. 


We will now briefly describe the more noteworthy facts 
observable in following the unconformity from south to north, 
taking each point as it comes. 

From A (see sketch-map, fig. 1, p. 532), where the junction of the 
two series emerges from the sea, to B, there is no discordance of dip, 
and no disturbance in either: nothing, in fact, to draw the attention 
to any break in the succession. A thin shale, merely, separates the 
Mussel-Band from the Table-Rocks Sandstone. The actual junction 
is buried under shore-deposits, 

At B, the base of the Upper (Table-Rocks) Sandstone is suddenly 
raised to accommodate a small faulted and denuded portion of 
lower beds. This disturbed space, 6 to 7 feet in length, 
includes a high dip of the Mussel-Band and a reversed fault of small 
throw, hading to the south-east, as shown in fig. 2, below. 


Fig. 2.—Section B ; length of section =6 feet. 


[The vertical scale is the same as the horizontal. | 
T.R.S.=Table-Rocks Sandstone ; the Mussel-Band is shown in black. 


A few yards farther on, the line of unconformity again rises above 
the beach-level, and another and longer islet of shale (beneath the 
horizon of the Mussel-Band) is well shown. The Junction here is 
of especial interest, as the T’ible-Rocks Sandstone at its very base is 
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seen to contain pebbles of material belonging to the Lower Series. 
These pebbles will be referred to more fully, later. The shales 
beneath the unconformity are discordant as to dip from the 
sandstone above, but not otherwise disturbed or faulted. 

For the next 40 yards the junction is again hidden beneath the 
poulder-covered beach, until at C another good exposure is obtained. 
Pebbles are once more present. ‘The dips are very discordant, and 
towards its northern end the lower set of beds is disturbed by 
faults of great hade. (See fig. 3, below.) 


Fig. 3.—Photograph showing the fault in the Lower Sertes stopping 
short at the base of the Table-Rocks Sandstone. 


Some 25 to 30 yards of stony talus intervenes between this and 
the next fine expesure, from D to EK. Here the discordance is 
very marked, the lower beds exhibiting synclinal and anticlinal 
folds, on the denuded edges of which the Table-Rocks Sandstone lies 
nearly flat, with some pebbles (not only, this time, at its 
immediate base, but, towards the northern end of the section, also 
a foot or two higher up). A notable feature here, is the way in 
which the central portion is shattered by a number of small faults, 
about half of which are reversed. All the smaller faults hade to 
the south, and are fractures subordinate to a larger fault hading 
to the north at an angle of about 45°. ‘At E the bottom-layers 
of the Table-Rocks Sandstone are somewhat violently upturned, as 
if on meeting the resistance presented by the hard Mussel-Band,. 
which here reappears abutting against the line of junction, and 
dipping at a fairly high angle tothe north. (See figs. 4 & 5, p. 535.) 

About 20 yards farther north, a perfectly-concordant junction is 
seen for ashort distance, with horizontal shale beneath the equally- 


Vol. 62.] AN UNCONFORMITY IN THE COAL-MEASURES. 530 


horizontal Table-Rocks Sandstone, at the base of which pebbles 
again occur. 


Another 25 yards of unseen talus-covered junction brings us to 
what is one of the most violently-disrupted episodes (I’) in the 


Fig. 4.—Section D to F'; length of section =about 100 feet. 


S.E. 


F’ BEACH-LEVEL 


|The vertical scale is the same as the horizontal. ] 


Fig. 5.—Photograph illustrating fig. 4. (See also p. 53-4.) 


| FF is the fault EF’ of fig. 4, hading northward. ] 


entire cliff-section. Nothing but a diagram and photographs can 
render this intelligible. (See figs. 6 & 7, p. 536.) 

Especially noteworthy here, is the inanner in which the lowest 
layer of the Upper-Sandstone Series seems to have wedged itself 
plough-like into the superficial portion of the lower denuded beds, 
and in so doing has bent up the harder bands in the latter to an 
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angle approaching the vertical. The broken masses of sandstone 
included in the Lower Series near the line of the unconformity at 


Fig. 6.—Section I’; length of section =about 80 feet. 
S.E. N.W. 
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the northern end of the section, seem due to the same order of 
phenomena; and the whole testifies to movement of the great cliff- 
sandstone over the edges of the Lower Series in a northerly direction, 
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Though at first sight strongly suggestive of ordinary faulting, this 
particular section, on being carefully studied, is, we believe, more 
reasonably explained by the effects of local irregularities as obstacles 
in the progress of a horizontal thrust. Pebbles are here again 
found at the actual base, as well as a little above it in the sandstone. 
In this, and in some of the highly-disturbed and faulted sections, 
the whole is so crushed and broken, that it is impossible in places 
to recognize any prevailing dip. 

A few yards north of F a long extent of cliff is reached, in which, 
except at two narrow spots, the actual unconformity is covered by 
talus-material; but the Mussel-Band crops out on the beach a few 
yards from the cliff, and its perfect regularity and parallelism with 
the Upper Sandstone show that no trace of the disturbance at F is 
left, and that there can be scarcely any discordance of dip. Indeed, 
the two small exposures just mentioned prove this to be the case. 
Pebbles are there seen about a foot above the base of the Table- 
Rocks Sandstone. 

On approaching G the Mussel-Band dips gently northward, to 
be soon thrown up again by a reversed fault hading in the same 
direction, so as to abut under the unconformable sandstone, whence 
if again dips northward at the same angle as before (see fig. 8, 
p. 538). In this section the pebbles, which are numerous, are only 
seen on the southern side of the fault which causes the Mussel-Band 
to override the conglomerate formed by them ; consequently, here 
the Mussel-Band actually overlies a bank of pebbles derived from 
itself. 

At H the same northerly dip (with absence of pebbles at the 
unconformity) is observable. Here are two small faults affecting 
the lower beds, but, of course, stopping short beneath the Upper 
Sandstone (see fig. 9, p. 538). 

Many yards of obscuring talus follow, to be succeeded by a 
long exposure of perfectly-horizontal Table-Rocks Sandstone, 
beneath which the lower shales dip at a regular angle of about 15° 
to the north. Only a few pebbles are to be seen above the junction 
along this stretch of cliff. This arrangement continues toJ. Here 
is one of the transverse stony ridges to be referred to later on 
(see p. 546 & fig. 10, p. 539). This little ridge is followed by 
highly-dipping shaly beds until the Mussel-Band is reached. The 
latter exhibits a thrust-like disturbance, being sundered by a fracture 
which causes its southern edge to rear and overtop slightly the 
northern, Here, as elsewhere, the direction of the movement must 
obviously have been from south to north. A fault at this place 
restores the Lower Series of beds to horizontality, with the Mussel- 
Band running parallel to the Upper Sandstone as before. At K, 
however, the Lower Series dips sharply to a fault. This fault has 
little effect, as on its upthrow side the Mussel-Band is once more 
a few feet beneath the plane of the unconformity, and continues 
regular, with a slight dip inland, for some 200 yards farther until 
Lis reached. Consideration of a second stony ridge which occurs at 
K is deferred until later (see postea, p. 548). 
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Fig. 8.—Section G; length of section = about 15 feet. (See p. 537.) 


BEACH-LEVEL 


[The vertical scale is the same as the horizontal. | 


Fig. 9.—Photoyraph showing the discordance of dip between the 
Upper and the Lower Series. (See p. 537.) 


[FF is a small fault which affects the Lower Series only. 


At La beautiful little overfold is exhibited in the Mussel-Band 
and accompanying shales. In the little bay hard by, an interesting 
reduplication of the Mussel-Band, due to a north-and-south fault, 
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has quite recently been exposed (November 15th, 1905), as shown 
in the accompanying sketch-plan (see fig. 11, p. 540). 

At the northern end (M) of this bay are several parallel stony 
ridges similar to those described farther on (p. 546). From this point 
onwards to N, the cliff-section presents a number of complications, 
which, while they emphasize the evidence in favour of a thrusting 
movement from south to north, at the same time render it difficult to 
follow clearly the line of unconformity. The accompanying diagram 


Fig. 10.—Photograph showing the ridge on the foreshore at J. 


[The ridge is marked by two white crosses, and is seen to end abruptly 


seaward, that is, to the right of the photograph. ], 


(Pl. XLIT) will show the main features of the case better than 
a detailed description. The difficulty is partly due to the fact that, 
from M northward, the lower course of the Table-Rocks Sandstone 
loses much of its continuously-massive character, being partly 
replaced by shale in which tongues of sandstone from the higher 
portions of the deposit are here and there intercalated, as well 
as isolated lenticular patches of sandstone. Much of this lower 
course is also concretionary. Pebbles are fairly plentiful, but 
appear asa rule to be limited to the bottom of these irregular 


Fig. 11.—Sketch-plan showing the outcrop of the Mussel-Bana 
in the bay near L. (See pp. 638-39.) 


. - SS : £ = Cae SS Gj x’ . o 


{The Mussel-Band is shown in black ; SS=Sandstone; Sh=Shale, 
The heavy broken line indicates a fault. | 


Fig. 12.—(See also Pl. XLII and p. 541.) 


[FF is a fault (FM: in Pi. XLIL) affecting not only the Lower Series, but — 
also the bottom-course of the Table-Rocks Sandstone. A A is the pebble- 
bed, and the shales below this dip at a high angle northward. B is a 
rounded fragment of disturbed shale at the junction of the two series. 
The dark patch is a little cave weathered out along the fault. ] 
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sandstone-layers. In the latter also occur numerous lenticular 
pockets of clean coal (locally known as ‘ scares’), and occasionally 
of shale. These ‘scares’ have a characteristic wavy outline, and, 
although not marked in the other sketches, abound at many places 
along the coast-section, occurring sometimes up to 6 feet above 
the base of the Table-Rocks Sandstone. At FM‘, and thence to 
FM", FM™, FM’Y, FMY, and FM", are several faults; not, as before, 
in the series beneath the unconformity, but affecting the lower 
portions of the Upper Series only. Some of these are rectilinear 
with ordinary hades; but three (FM'Y, FM’, and FM) are curvi- 
linear and very flat-haded. All, except the fault at FM’, hade to 
the south. At ™ the section closes with a vertical fault which 
throws the whole of the rocks, both above and below the uncon- 
formity. In amount its throw is small, but the fault-fissure is 
well-marked and filled with clay or ‘ dowk’ (fig. 12, p. 540). 

It would seem as if the various appearances exhibited in this 
line of section may be explained by a certain amount of differential 
action within the beds above the unconformity, rendered possible 
only when these are, as in the present case, no longer homogeneous, 
but of rapidly-changing hardness and texture. Also perhaps in 
such circumstances a certain, though small, amount of intermingling 
of the Lower and Upper Series has taken place near the shearing- 
plane during the general thrusting movement towards the north. 

Beyond N, the sandy beach rarely shifts sufficiently to afford 
many glimpses of the state of things beneath it, and but little 
information can be gleaned from the low Drift-covered cliffs. 
Opposite the Convalescent Home, however, some remarkable 
exposures are at times visible. ‘hese show a continuation of the 
kind of disturbance in the Lower Series of beds, which has been 
described as commonly occurring in them to the south of M. The 
Mussel-Band here again furnishes the best evidence at our disposal. 
Thus, between the water-pipe and the drain-pipe running from the 
Convalescent Home to the sea, the Mussel-Band is repeated three 
times by small east-and-west faults, and a little. north of this, 
small anticlinals and isolated outcrops with curved strikes and 
dipping in various directions are observable, but the connexion 
between these stratigraphical detailsis necessarily wanting. ‘There 
is no evidence whatever of the unconformity north of N. 

It may be mentioned that, close to the low-water line immediately 
to the east of the small, though sharp, disturbances just noted, the 
strike of the thin sandstones below the Mussel-Band is normal in 
character, that is, parallel both to the coast-line and to the strike of 
the Table-Rocks Sandstone, which is here, however, only marked 
by a small surface-feature, and covered by Boulder-Clay and blown 
sand. This arrangement—faulted and folded beds west of, and 
close to, a continuous, unbroken north-and-south outcrop—suggests 
a strike-fault between the two areas. We have, however, failed 
to find any good evidence of such a fault, even a small one; 
and the recognition of the thrusting action renders such a fault 


unnecessary, 


Q,.J.G.8. No. 247. 20 
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UI. Tae Curmicat Evivenct. 


The Pebbles in the Upper Series.—These have been 
described as occurring at many places—almost continuously 
indeed—at and near the base of the Table-Rocks Sandstone. At 
times, they form a narrow band immediately or a few inches above 
the unconformity; or again they are found sparsely scattered through 
a foot in thickness of the sandstone ; or, finally, they occur in such 
numbers as to form a conglomerate many inches thick, as at G. 
Plant-remains, evidently drifted, and a few shells (Carbonicola) are 
also found, as well as angular and rounded pieces of shale and of 
the soft fossiliferous parts of the Mussel-Band ; but well-rounded 
pebbles of the harder parts of the Mussel-Band far outnumber the 
rest of the included fragments of foreign material. The smaller of 
these well-rounded pebbles are sometimes much oxidized ; the larger 
are slabs several inches thick and measuring up to a foot in diameter, 
with rounded edges, and containing the typical Carbonicola-shells 
irregularly distributed throughout the mass. 

Comparative determinations of the constituents of these pebbles 
and of the mother-rock were made, with the following results :— 


IT and II are samples of collections of small pebbles found at F and G 
respectively. 
ITT is a big pebble from E. 
IV is from the Mussel-Band cropping out near G. 
V is from the Mussel-Band cropping out near K. 
In sampling the last two, the harder parts were selected, as the pebbles 
are mostly derived from these. 


1 Vail, IMO IV. V. 

Loss on ignition ............ 28°48 28°30 30°74 32°71 32°81 
Perce Water earenscer 1°38 1:39 1°53 0-88 OAS 
Combined water and ee O-nr Gy ‘4 6 

Sfeaniotmatierl) es 5:21 2°05 2°40 4-06 3°94 
Insoluble in acids ......... Piro 12°78 9:12 816 7:06 
Al,O, (soluble in acids)... 1°65 0:40 2°44 1:30 0:28 
Rh sadn oreo oer ar at ianaenebae 0-43 0°55 O15 0-14 0:13 
PLO Wi Nacoaihare so cccaraeense. 0°39 0°29 1:49 0-75 1:01 
Min Ol eres te cetest ce ear 0:92 0:97 1:29 1:56 135 
BeGua econ Bee 35°62 36°90 39°11 82°24 40:93 
BesOsn naeaeanmens caste Seer. 10°71 6°36 1:34 1:82 0°31 
Ca OU acoraiee eee ees 2-05 4-48 4-60 12°85 9:04 
WIE OI aeecepaaesenconceccn soar 3:04 4:00 4:36 3938 . 2:00 
COW Sara ee eee eaten 25°80 28°96 8115 31:35 32°71 


Alkalies (by difference) ... 129 087 102 096 0-53 


100:00 10000 10000 10000 100°00 


The residue insoluble in hydrochloric acid from Sample III was found to 


contain 2256 per cent. of carbonaceous matter and combined water. The 
ignited residue contained :— 


SiO. aici dots a eee ees 61:01 
PUNO Prete Met encon care a 28:05 
Bes Salk act: See earch mene be 4:38 
BO). cacencute dee tenn hans Seen eoee 0:10 
MeO) See er a nae 0:90 
Na,O! 0 ea hed. 571 
100°15 
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Turning now to the detailed table of analyses, it will be seen 
that, while there is a general similarity in the composition of the 
various samples, Nos. | & II stand apart in some respect from 
the others, and the differences are such as might be expected to 
exist between small pebbles on the one hand, and large slabs and 
the mother-rock upon the other. ‘Thus the insoluble matter is 
higher in the former case, due to mechanically-mixed sand; sulphur 
too is high, owing to the presence of pyritic nodules among the 
pebbles. The phosphorus-content of the small pebbles is lower 
than that of the Mussel-Band, from which it would appear that 
some leaching-out of the phosphates took place during weathering. 
In this connexion, it is noteworthy that the sandstone in which 
the pebbles are embedded is richer in phosphorus than the over- 
lying pebble-free beds (see postea, p. 546). The small pebbles 
contain more ferric iron and less carbon-dioxide than the other 
samples, and this is in harmony with the normal weathering of a 
rock consisting largely of ferrous carbonate. Lime is variable, 
though on the whole higher in the large slab and the Mussel-Band. 
Since the lime is derived chiefly from the fossil shells, and siuce 
the presence of these makes the rock less able to withstand disrupting 
influences, it follows that the small pebbles will be mainly made 
up of the more homogeneous unfossiliferous portions of the rock. 
Magnesia is remarkably constant in all the samples. A similar 
phenomenon has been noted in the case of the Cleveland Ironstone, 
and has been held to be due to uniform dissemination of the 
magnesia in the form of glauconite.' An estimate of the amount 
of magnesia thus combined is readily obtained by calculating its 
equivalent to the shortage of carbon-dioxide ; that is, the amount 
of carbon-dioxide still lacking when the acidic oxides have been 
all appropriated by the basic oxides. In the samples under dis- 
cussion, it averages about 2 per cent. 

It is clear, from the foregoing remarks, that the chemical evidence 
supports the view that the pebbles are derived from the Mussel- 
Band. This is brought out more strikingly by the following method 
of treatment :— 

If the pebbles are more or less weathered portions of the Mussel- 

Band, which itself at its present outcrop is somewhat altered by 
weathering, then it should be possible, knowing the proximate 
composition of the rocks in question and the chemical changes 
which take place during weathering, to calculate the composition 
of the original rock from which both have been derived. 

The only chemical change on weathering which need be considered 
in the present case, is the oxidation of ferrous carbonate to ferric 
oxide with loss of carbon-dioxide. 

In order to determine the proximate composition of the rocks, 
we shall assume that the phosphoric oxide exists in combination with 
ferrous oxide as ferrous phosphate, and that the remainder of the 
ferrous oxide is present as carbonate; that the manganese is present 


1 R. Tate & J. F, Blake, ‘The Yorkshire Lias’ 1876, pp. 164 e¢ egg. 


544 PROF. G. A, LEBOUR AND DR. J. A. SMYTHE ON | Aug. 1906, 


as carbonate, since that body is not so easily oxidized as ferrous car- 
bonate'; that the lime exists as carbonate, and also that portion of the 
magnesia for which there is still carbon-dioxide to combine with— 
the remainder of the magnesia we have already assumed to be 
present as glauconite. The following table gives the proximate 
composition of the samples (recalculated for the dry rock). Under 
the head of ‘ indifferent constituents’ are included ferrous 
phosphate, combined water, organic matter, insoluble matter, 
alumina, sulphur, magnesia (present as glauconite), manganese- 
carbonate, and alkalies ; that is, those bodies which would be practi- 
cally unaltered by such gentle and partial oxidation as takes place 
during weathering. 


ProxrmatTge Composition oF THE SAMPLES. 


110 I. Tue TVs V. 

ReU0, Bevel eee 5771 59°94 62912 51:50 65:20 

Fe,0, ae er ee 10:86 6-45 1:36 1:83 0°32 
aC ] “2 HI K.9e OA. “FH 

Mz06 {- Pa Ds See Rett 764 1279 1522 2493 1653 


‘Indifferent constituents’... 23:79 20:82 21:30 2174 17-95 


From this table we can now ‘ reconstruct,’ as it were, the original 
rock from which the various samples have been derived by 
weathering. ‘To do this, it is only necessary to replace the ferric 
oxide by its equivalent of ferrous carbonate, and express the com- 
position of the ‘reconstructed’ rock in percentages. Thus we get 
the following table, showing the composition of the ‘ reconstructed ’ 
rocks :— 


if Th: III. IV. V. 
FCO, Ne ER, oh 7000 67:36 6373 53°74 65:57 
Me ce eh ee eae 730 1243 1513 2474 1651 


3) 
‘Indifferent constituents’... 22°70 20°21 21:14 21°52 17:92 


Now, it will be noted that the amount of the ‘indifferent con- 
stituents’ is approximately constant in the five samples, and that 
the percentages of calcium- and magnesium-carbonates vary 
inversely as those of the ferrous carbonate. The reconstructed 
rocks, therefore, differ almost solely, owing to the greater or less 
replacement of ferrous carbonate by the fossil-making carbonates 
of calcium and magnesium. Thus, the chemical evidence points to 
the fact that the Mussel-Band and the pebbles are derived from the 
same source: the observed differences in composition being due 
firstly, to the varying amounts of calcium- and magnesium-carbonates 
(the result of the irregular distribution of the fossil shells) ; and, 
secondly, to the degree of oxidation by weathering which the various 
samples have undergone. 


The appended diagram (fig. 13, p. 545), in which the ordinates 
represent the composition of the ‘ reconstructed ’ rocks, while the 


- * R. Brauns, ‘Chemische Mineralogie’ 1896, p. 354. 
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samples are numbered off at convenient lengths on the abscisse, 
exhibits clearly the relationships just described. 


Fig. 13.—Diagram exhibiting the relationship in composition 
between the weathered and the unweathered rocks. 
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At the very base, the Table-Rocks Sandstone is extremely hard 
and compact, and its under-surface, which rests upon the eroded 
shales, is marked by peculiar knobs and sinuous ridges. This hard 
rock passes rapidly upwards into the ordinary softer massive sand- 
stone, which when weathered shows concretionary structure on a 
large scale, the oval segregation-patches being much redder than 
the surrounding rock. Chemical analysis shows a concentration of 
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iron and phosphorus in the rock immediately overlying the shales 
of the Lower Series, thus :— 


Analysis (1) of samples from the actual base, and (2) of samples 
from about 6 feet above the base. 


(1) ; (2) 
HeO | cc.crceseeseoereee trace none 
HSV. O Recasnre Ge viconnnnaee 1:43 °/o 0:91 °/5 
1S OF eemcoonobbosonDocerc 0:07 °/o none. 


TV. Conciusions. 


From the various facts recited in the foregoing pages, it seems 
inevitable to conclude that: (1) the beds to which we have referred 
as the Lower Series suffered a considerable amount of denudation 
before the Upper Series or Table-Rocks Sandstone was deposited, 
and that this denuded surface occupied a large area; (2) that after 
the deposition and consolidation of the Upper Series, a movement 
took place which thrust that series northwards over the shales and 
other beds of the Lower Series. 

The actual amount of denudation, and the consequent time-value 
of the unconformity, we have as yet no means of appraising. The 
actual amount of horizontal displacement or oyerthrusting we have 
also, unfortunately, no means of gauging. It seems clear, however, 
that most, if not all, of the small faults, sharp folds, and other 
disturbances affecting the Lower Series of beds, are the result of 
the moving of the Upper Series over them, generally speaking along 
the pre-existing plane of denudation. 

In this case, then, we may regard the thrust as one in which a 
massive and compact set of rocks was dragged or pushed over a 
previously-prepared floor chiefly composed of soft, clayey, and, so-to- 
speak, specially-lubricated material, the nature of the rocks above 
and below the unconformity providing the required line of least 
resistance. Where the lubrication was least perfect accidents 
happened. Thus at F a tongue of Upper Sandstone pierces the 
shale beneath (see fig. 6, p. 536). At E, the sandstone has been 
pressed against the hard Mussel-Band and reared up into a fine curl 
(fig. 14, p. 547). 

At several spots the sandstone has ploughed into the shales, 
hardening and sometimes slickensiding them, as for example on 
the beach at C, where high-dipping sandstone can be seen resting 
upon slickensided shale. 

The action referred to seems intimately connected with the 
production of the stony ridges, which have been mentioned as 
occurring at J, K, and M, and deserve special notice. These 
ridges consist essentially of outcrops of sandstone belonging to the 
basement-portion of the Table-Rocks Sandstone, but striking from 
the base of the cliff, and transversely to it, for some 8 to 10 yards, 
and intruded dip-wards into the shales of the Lower Series for a 
distance of 4 to 8 feet. At first sight, these downward-torn 
apophyses of the Upper Sandstone present the appearance of dykes, 
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_but a careful study of the circumstances leaves little doubt as to their 
real nature. A few simple diagrams will sufficiently illustrate our 
explanation (see fig. 15, p. 548). The first of these figures (@) shows 
the mode of occurrence of these ridges in plan. It will be noted that 
the outcrop of sandstone (of the Lower Series) marked x is entirely 
unaffected by the ridges, or by the disturbance occasioned by them. 
The second figure (>) shows the actual section parallel to the cliff- 
line (and parallel also to the general strike of the Table-Rocks 


Fig. 14.—(See fig. 4, p. 835, northern end of the section.) Photo- 
graph showing the lowest bed of the Table-Rocks Sandstone (A) 
curled up and abutting against the Mussel-Band (B). 


Sandstone) and about 3 yards from it. The third figure (¢) is 
one parallel to the last, but representing the probable state of things 
beneath the cliff. Figures (d) and (e) show sections at right angles 
to the cliff-line, one where there is no intruding ridge, and the 
other along the line of such a ridge. The presence of pebbles in 
one of the sandstone-ridges at M afferds a further confirmation of 
our interpretation. 


The thrusting action is most marked at the junction of the hard 
and soft beds, that is along the plane of the unconformity. Thus 
the sandstone-‘ curl’ at E contains pebbles ; at F two distinct beds 
of pebbly sandstone are separated by what is probably squeezed- 
in, or intruded shale (see fig. 6, p. 536); and at G a mass of 
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conglomerate, containing pebbles derived from the Mussel-Band, 
has been forced under the Mussel-Band itself (see fig. 8, p. 538). 
In the section from M to N, the pebble-bed has been torn to 
shreds, and is mixed up with pieces of shale and sandstone, 
oriented at every conceivable angle. Here too, as has already 
been pointed out, the movement has extended several feet above 


Fig. 15.—(See p. 547.) 


. TABLE-ROCKS SANDSTONE 


SOUTH Wt) 
(a) Plan showing ridges. 


(d) Section across the Cliff (e) Section across the Cliff 
where there are no ridges where there is a ridge (at.K) 


the unconformity, as is shown by the presence of small faults 
bounded by clay-partings. Where these faults occur, the rock- 
material is often indescribably shattered and mixed. Where the 
thrusting coincides least with the unconformity, there the moving 
mass was least resistant, or in other words most shaly, 

As further evidence of the thrust, it may be added that the 
master-joints of the Upper Series are never continued in the Lower. 
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Another point worth noting is that the more marked prominences 
of surface of the Lower Series are invariably those which bear the 
strongest marks of disturbance. 

As regards the evidence for the direction followed by the thrusting 
movement, the chief points have already been mentioned. To 
these it may be added that the direction of the minor thrusts in 
the Upper Series (see Pl. XLII) is clearly from south to north; 


Fig. 16.—Photograph showing the direction of the thrust. Az=shale, 
wedged from south to north into the underlying sandstone (B). 


that the small faults transverse to the general line of section are 
east-and-west faults; and generally that the orientation of disturbed 
shale-fragments, the motion of which has been arrested by harder 
beds, also indicates movement from the south (see fig. 16, above). 


Fig. 17.—General section from A to N. 
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The action of the thrust is markedly rhythmical, short stretches 
of highly-disturbed beds alternating with others in which the dip is 
gentle (see the general section, fig. 17). With the latter disposition, 

Q.J.G.8. No. 247. P 
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there is often no noticeable discordance of dip between the two 
Series, and the pebbles form in such cases about the only means of 
detecting the unconformity. The stormy episodes are generally 
marked by the elevation above the general level of the eroded 
surface of the lower shales. Thus, to some extent, the thrust 
masks the unconformity, since the wavy uneven outline of the 
surface of the Lower Series is partly the result of the disturbances 
caused by the thrust; and, furthermore, violent discordance of dip 
between the upper and the lower beds, in so far as produced by 
thrusting, is no criterion of the unconformity. 


EXPLANATION OF PLATE XLII. 


Section from M to N (see the sketch-map, fig. 1, p. 552), on the scale of about 
18 feet to the inch, vertical and horizontal. 


Discusston. 


The Caarrmayn (Mr. R.S. Hurrrss) said that the paper once more 
showed the value of a series of observations conducted over a long 
period in a particular district. 

Mr. Laweiven complimented the Authors on their clear exposition 
of this striking example of disruption between ‘strong’ and ‘weak’ 
beds. He was reminded of analogous phenomena in another EKast- 
Coast section, on the north side of Flamborough Head, where the 
massive flinty Chalk had been locally thrust over the more thinly- 
bedded Lower Chalk. He would ask the Authors whether they 
had considered the possibility that the supposed pebbles might be 
due to the breaking-up of the lower beds during the movement. 

Mr. Fox Srraneways said that the previous speaker had referred 
to the thrust-plane which occurs at the junction of the flinty Chalk 
with the non-flinty Chalk in the cliffs of Flamborough Head. As 
he (the speaker) knew this section very well, he was happy to 
endorse Mr. Lamplugh’s remarks, and to state that the rocks at the 
foot of Buckton Cliffs appeared to have been subjected to very much 
the same conditions as those mentioned by the Authors at the base 
of the Table-Rocks Sandstone; also that the peculiarities noted by 
them were, no doubt, due to the thrusting of this rock over the 
beds below. 

Prof. Warrs pointed out that the paper was of considerable 
interest, because it showed the result of years of denudation on the 
thrust-plane, which was a common phenomenon at the junction of 
strong and weak rocks. The Authors seemed to have established 
the fact of unconformity, and that thrust was insufficient to explain 
the whole of the phu .omena. 

Mr. R. H. Trppemay, without offering an opinion on the suggested 
unconformity, said that frequently, where Carboniferous sandstone 
rested on clay or shz >, the upper bed contained pebbles of the 


lower; but such erosion did not necessarily imply any considerable 
unconformity. 


Section from M to N (see sketch-map, fig. 1, p. 532). 


Length = about 100 yards. 
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Mr. J. T. Sropzs said that the North-of-England Institute of 
Mining & Mechanical Engineers had published a very valuable and 
unique set of sections of. borings and sinkings in connexion with 
the great Northern Coalfield, for ‘which he believed they were largely 
indebted to Prof. Lebour. In these volumes the sections of shafts at 
Whitley, Hartley, Choppington, and West Cramlington record the 
‘ mussel-bands’ above the Low-Main Seam, showing that this uncon- 
formity had not cut deeper than these bands over a very considerable 
area. He would like to ask Prof. Lebour whether these facts would 
not prove helpful in estimating the magnitude of the unconformity. 

Mr. Puitie Laxe said that he was fully prepared to accept the 
Authors’ interpretation, and asked whether the unconformity was 
accompanied by any paleontological change which might help to 
determine its magnitude. 

Prof. Luzovr, in reply, said that it was gratifying to him and his 
fellow-Author to find that so many had taken part in discussing 
what, they were afraid, might have been regarded as a dry paper on 
a merely local question. He would not be surprised if it turned 
out in the end that every criticism that had been offered was 
correct—more or less. He did not know for certain whether the 
coal-seam beneath the plane of disturbance was in truth the Low- 
Main Seam: it probably was. He had had doubts as to both the 
unconformity and the thrust, but the evidence detailed in the paper 
had tended very largely to dispel such doubts. It was probable 
that even now what he did not know, respecting all the points 
involved, was considerably more than what he did know. As to 
the many volumes of North-Country borings and sections referred 
to by Mr. Stobbs, he could not help knowing them, since he had 
helped to edit them from the beginning. He knew of no difference 
between the fossils in the beds above or below the unconformity. 
The important suggestion made by Mr. Lamplugh was one which 
had forced itself upon the attention of the Authors long ago; but 
some of the pebbles were manifestly waterworn, and their long 
exposure to weathering (in the case of the rolled fragments of 
mussel-band) seemed to the Authors sufficiently attested by the 
chemical arguments brought forward in the paper. If Mr. Lamplugh 
could arrange to visit the section, the Authors would gladly abide 
by his verdict. 
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26. Norns on the Genpra Omosrrré, LoPpHosrPirs, and T'URRITOMA 5 
with Drscrtetions of Nuw Prorzrozorc Srecrus. By Miss 
Janz Donaty (Mrs. G. B. Loneasrarr). (Communicated by 
Prof, E. J. Garwoop, M.A., Sec.G.S. Read May 9th, 1906.) 


[Puarrs XLIII & XLIV.| 


In my paper on some of the Proterozoic Murchisoniide, Pleuroto- 
mariide, and Turritellide,' I referred to the researches of Dr. Ulrich 
and Prof. Koken among the earlier gasteropoda, and mentioned the 
groups into which those authors had divided them. We still require 
much more knowledge with regard to their origin and relationship 
before really-satisfactory divisions can be made. Unfortunately, 
the new species that I am about to describe are not sufficiently well- 
preserved to add much to the material previously available. None of 
them have the apex entire, and therefore no further light is thrown on 
the structure of the protoconch. These new species belong to three 
genera, characterized by the possession of a band on all the whorls, 
formed by the gradual filling-up during growth of a sinus, and not 
a slit, in the outer lip. To two of these genera I have already 
referred, namely, Lophospira, Whitfield, and T'urritoma, Ulvich.? 
The other genus is Omospira, Ulrich.’ Though Lophospira and 
Turritoma are not really true Murchisoniide, I have allowed them 
to remain in that family for the present. 


Omospira, Ulrich. 


Dr, Ulrich places Omospira in the family Raphistomide, but it is 
not a characteristic member, for the whorls are more convex and 
the spire is higher than is the case with the other genera belonging 
to the family. He describes it thus (oc. cit.) :— 


‘Shell somewhat elongate turbinate, subturriculate ; volutions seven or eight, 
ventricose, obliquely flattened in the upper part by an obtuse shoulder-like 
angulation ; the latter, which may or may not constitute the periphery of the 
whorls, forms the outer margin of a wide band-like space in which the lines of 
growth, which first curve strongly backward in their course from the suture- 
line, are turned in the opposite direction ; a short distance before reaching the 
angle the curve is sharpened; as in Raphistoma the junction between the two 
curves is marked by a thin line, while beneath the outer angle the lines of 
growth are turned somewhat gently forward. Aperture somewhat quadrate- 
triangular, its height slightly greater than the width, narrowly rounded but 
not effuse below; columellar lip rather straight, not thick, usually reflexed so 
as to hide a minute umbilical perforation. Surface-markings consisting of fine 
lines of growth only. ype, O. duticincta, n. sp. Ulrich” 


Dr. Ulrich considers that Omospira was most probably derived 
from Raphistoma or from some unknown allied type, on account of 


* Quart. Journ. Geol. Soe. vol. lviii (1902) p. 314. 
* Ibid. pp. 330 & 332. 


foe Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) 
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the character of the lines of growth andsinus. Later on,’ he states 
that he is not satisfied with the systematic position of Omospiru, 
and that 
‘if Scalites, Emmons, could be proved to possess the essential characteristics of 
the Raphistomidz, then we would have an undeniable link between Omuospira 
and Raphistoma, 
Miller’ regards Scalites and Omospira as identical: they certainly 
bear considerable resemblance to one another, but in Scalites the 
upper part of the whorl is much flatter, which gives the spire 
a step-like appearance, and the whorls are more angular at the 
periphery. In general form, Omospira greatly resembles some 
members of the Murchisoniide and the Pleurotomariide, especially 
such a species as Hormotoma bellicincta, Hall, which possesses a 
sinus. It is distinguished from the typical members of both 
families by the usually greater relative width of the band, and also 
by the character of the lines of growth. The lines of growth 
above are continuous with those on the band, and increase in 
curvature below, just before the angle, so that they do not form 
even crescents on the band. In the Murchisoniide and Pleuroto- 
mariidez the lines of growth form uniform crescents on the band, 
and in the true members of each family there is a definite break in 
their continuity with those above and below. Prof. Koken® considers 
that this genus resembles his Pseudomurchisonia, which, however, 
differs by having the band on the anterior whorls only, and by the 
lines of growth on the posterior whorls being merely sinuated. 
Range.—In America, according to Dr. Ulrich, Omospira occurs 
in the Black-River and Trenton Formations, and may perhaps be 
represented by a single form in the Upper Silurian. In Britain, I 
am only acquainted with one species, O. ortentalis, sp. nov., from 
the Upper Bala. 


OMOSPIRA ORIENTALIS, sp. nov. (Pl. XLITI, figs. 1, 2, & 2a.) 


Diagnosis.—Shell turreted, composed of about seven whorls. 
Whorls increasing somewhat rapidly, angular near the middle of 
the body-whorl and below the middle of the earlier whorls, slightly 
convex above and below—except immediately above the angle, 
where there is a broad flat band. The angle is not so sharp on the 
earlier whorls, and the band is there seen to be bounded on each 
side by a raised thread. This band represents the sinus in the 
outer lip, which is broad and of moderate depth; the base of 
the sinus is not evenly concave, but recedes rather more below, 
immediately above the angle. The lines of growth curve backward 
to, and forward from, the band with a moderate degree of obliquity ; 
they are distinct, and finer lines are intercalated between stronger 
ones. The base is convex. There are traces on the body-whorl of 
a very fine spiral thread a little distance below the angle. Aperture 


unknown. 


1 Final Rep. Geol. & Nat, Hist. Surv. Minn. vol. iii, pt. ii (1897) p. 944. 
2 ‘North American Geology & Palwontology’ 2nd Appendix (1897) p. 769. 
3 « Ueber untersilurische Gastropoden’ Neues Jahrb. vol, i (1898) p. 15. 
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Remarks and Resemblances.—There is one undoubted 
specimen of this species in Mrs. Gray’s collection, and two others 
which probably belong to it, but they are much crushed and do not 
show the band or sinus distinctly ; the lines of growth, however, 
indicate that the band was immediately above the angle. One is 
entirely an internal mould; the other shows some portions of the 
external mould, as well as the internal. Both the internal moulds 
have an open umbilicus; but it is impossible to tell from them 
whether it was so originally, as the test may have filled up the 
cavity. The best example is somewhat crushed downwards; it 
has the base of the sinus intact, but, as the whole of the outer lip is 
not seen, it is probable that the sinus may have been deeper than 
appears in the figure. Portions of the rock covering the shell have 
been retained, and by pressing wax into these the form of the sinus, 
and also of the band on a higher whorl, are better seen than on the 
specimen itself, which is more or less an internal mould. 

This species has somewhat the appearance of a Lophospira, but 
an examination of the band shows it to be quite distinct trom any 
members of that genus. It differs from the two species, O. lati- 
cincta, Ulrich,’ and O. Alexandra, Billings, referred by Dr. Ulrich to 
the genus, in the whorl being longer above the angle: this appear- 
ance of length is, at any rate, partly increased by the shell being 
compressed downwards, and it is not so marked on the fifth whorl, 
which does not seem to have suffered so much by pressure. The 
band also ig not quite so wide in proportion. It comes nearest 
to O. laticincta, where the periphery is more angular than in 
O. Alexandra and the spiral angle is greater. 

Dimensions.—Length of the specimen figured, Pl. XLITI, fig. 1, 
=24 millimetres; width= 20 mm. Depth of the sinus = about 
6°5 mm. 

Locality and Horizon.—Thraive Glen (Ayrshire) in the 
Starfish Bed, a coarse-grained rock of Upper Bala age [Lapworth }. 


Lornospira, Whitfield. 


I gave a brief description of the genus Lophospira, Whitfield, 
in my paper of 1902, and also there described three species. 
I now propose to discuss it more fully, giving diagnoses of the other 
British species with which I am acquainted. The genus was 
created by R. P. Whitfield in 1886,? when he gave Murchisonia 
bicincta, Hall, as the type, and his description was afterwards 
emended by Dr. Ulrich.’ I here append a diagnosis of the genus, 
which appears to sum up the chief characteristics. 

Diagnosis.—Shell more or less elongated, consisting of numerous 
whorls. Whorls angular, closely coiled throughout, or only in the 
earlier stages, the later whorls often becoming disconnected. The 


* Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) 
pp. 945-46 & pl. Lxx, figs. 64-67. 

> Bull. Amer. Mus, Nat. Hist. vol. i, p. 312. 

3 Op. supra cit. pp. 951 & 960. 


Vol. 62.] OMOSPIRA, LOPHOSPIRA, AND TURRITOMA. 555 


angle bears the band, which is prominent and frequently trilineate. 
This band represents a sinus in the outer lip of greater or less 
depth, which is never prolonged into a slit. ‘The lines of growth 
curve back to the band above, and forward again below. On it 
they frequently differ from those above and below, being either 
stronger or slighter, farther apart, or closer together. Aperture 
subquadrate, usually longer than wide. ‘The inner lip is generally 
thickened, often slightly twisted, turning around the umbilicus so 
as to form a kind of hollow pillar. Ornamentation consisting of 
keels, sometimes with fine spiral lines in addition. 

Remarks and Resemblances.—The character which chiefly 
distinguishes Lophospira from both Pleurotomaria and Murchisonia 
is the possession of a sinus, instead of aslit, in the outer lip. This 
feature also separates it from Worthenia, which it otherwise greatly 
resembles. The band representing the sinus may consist of a 
blunt edge only, though it is generally trilineate, the central keel 
being usually the strongest; and it may be developed into a thin 
undulating flange as in ZL. serrulata, Salt., but sometimes the 
three keels are nearly equal. The lines of growth on the band 
may be simple threads of varying degrees of strength, or they 
may be imbricated, or again they may have a medium incision. 
Dr. Ulrich’ considers that Lophospira has the most primitive type 
of sinual band, and that the genus 
‘is the oldest of the many types strictly belonging to the family Pleuroto- 
marlidx. We say this not so much because the genus goes far back in geological 
time, for, according to known facts, several other types are equally ancient, but 
because it shares characters with types belonging to other families which, 


like the Pleurotomariide, originated somewhere in the interval between the 
Calciferous and the Upper Cambrian.’ (Op. cit. p. 962.) 


He further states that the 


‘simplicity of the band and apertural notch allies the genus with the 
Euomphalide.’ 

Some species of Lophospira bear a close resemblance to those 
members of V'rochonema where the lines of growth are deflected 
so as to form an apertural notch; but Lophospira is always. 
distinguished from that genus by possessing a distinct band. 
The species of Lophospira vary one from the other in the height 
of the spire, some being considerably elongated, while others are: 
quite short; there is also a difference in the depth of the sinus, and 
in the degree of obliquity of the lines of growth. Dr. Ulrich has 
therefore divided them into four sections, and two of these again 
into several subsections, which he names from characteristic 
species (op. cit. pp. 962-964). These are :— 

A, Prraneutata Sucrion.—Apertural notch >-shaped, deep and wide, the 
lines of growth sweeping strongly back to the sinual band above and 
forward again below. 


1. Perangulata Subsection.—Shells not very high ; whorls five to eight, 
strongly angular. Type, Lophospira perangulata, Hall. ‘ 


1 Final Rep. Geol. & Nat, Hist. Surv. Minnesota, vol. iii, pt. ii (1897) p. 950. 
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2. Bowdeni Subsection.—Hlongated shells; eight to twelve whorls, less 
angular than in the preceding subsection. Type, L. Bowdeni, Safford. 

3. Cicelia Subsection.—Differs from 1 in having a much more elongated 
spire, and from 2 in having more numerous and more sharply-angular 
whorls. Type, L. cicelia, Billings. 

4, Serrulata Subsection.—Distinguished from 1 by the plate-like 
extension and wavy character of the central keel of the sinual band. 
Type, L. serrulata, Salter. 

B. Brewers Secrron.—Lines of growth curving very slightly, or not at all, 
backward to the sinual band ; sinus very shallow. 

1. Bicineta Subsection,—Surface-markings fine, generally regular, 
sharply raised and closely arranged. Type, L. dicincta, Hall. 

. Tubulosa Subsection.—Similar to the preceding, but the lines of 
growth are much stronger, lamellose, and imbricating, particularly on 
the band. Type, L. tubulosa, Lindstrom. 

3. Imbricata Subsection.—Relatively elevated small shells, with coarsely- 
lamellar imbricating lines of growth, which indicate a very oblique 
aperture below the sinual band. Type, L. imbricata, Lindstrom. 

4. Holmi Subsection.—Lines of growth similar to those of L. bicineta, 
but having the obliquity below the band of those of the ¢bricata 
subsection. ‘Type, L. Holmi, Lindstrom. 

Helicteres Subsection.—Agrees in all respects with the bicineta sub- 
section, excepting that the last whorl or two are free. Type, L. helicteres, 
Salter. 

C. Rogvsra Suction.—Shells short; whorls more or less convex, ventricose, 

scarcely angular eyen at the sinual band, which is distinctly trilineate. 
Base usually ornamented by rather slight spiral keels. Lines of growth 
indicating a wide but not very deep sinus in the outer lip. ‘ype, 
L. ohioensis, James. 

D. Trocuonemomes Sucrion.—Like Trochonema, except that there is a 
distinct sinual band. Differs from the usual types of Lophospira in the 
relatively-depressed form, large umbilicus, thick shell, and oblique 
aperture. ‘ype, L. trochonemoides, Ulrich. 


2 


Or 


These divisions are, perhaps, hardly all of the same value; and 
they may not all stand ultimately, but they are useful in the 
present state of our knowledge. The British species with which I 
am acquainted number fourteen (and there is also one variety): 
four of these have been previously referred to the genus Murchisonia. 
Some greatly resemble American species; but only one, Lophospira 
bicincta, Hall, can be identified with certainty. Many have the sur- 
face so imperfectly preserved, occurring merely as internal or external 
moulds, that it is difficult to make accurate comparisons. They are 
referable to three of the sections, and may be tabulated thus :— 

A. Prraneviara Sucrion, 


1. Perangulata Subsection.—L. gyrogonia (M‘Coy); L. excavatas 
sp. nov. ; L. variabilis(Don.) ; L. borealis (Don.); L. trispiralis, sp. nov. ; 
L, instabilis, sp. nov.; L. Sedgwickii, sp. nov. 
3. Cicelia Subsection.—L. (2) angulocincta (Salt.) ; L. ferruginea, sp. nov. 
B. Brcerwera Section. 


il Bicincta Subsection.— ZL. bicincta (Hall), var. scotica, noy.; L. belli- 
carimata, sp. noy. 


2, Tubulosa Subsection.—L. cyclonema (Salt.) ; L. pulchra (M‘Coy). 
C. Rosvsra Suction,—L. subglobosa, sp. nov. 


Range.—The British species range from the Durness Limestone 
up into the Wenlock Limestone. Upwards of fifty species have been 
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described in America. Dr. Ulrich states that they range from the 
Calciferous to the Hamilton Group, and considers that the genus 
attained its maximum of development in the Trenton Period. Ten 
Silurian species from Gothland, described by Lindstrém as Murchi- 
sonia or Plewrotomaria, have been referred by Ulrich to Lophospira. 
MM. D.-P. Ghlert describe and figure one species, namely L. brevi- 
culus,’ from the Devonian of the Mayenne. 


A. Prraneurara Section. 
Perangulata Subsection. 


Lornospira Gyrogonta (M‘Coy). (Pl. XLIII, figs. 3-5.) 

Murchisonia gyrogonia, F. M‘Coy, 1852, Ann. & Mag. Nat. Hist. ser. 2, vol. x, 

p. 192; 1852, ‘ Brit. Paleeoz. Foss.’ p. 293 & pl. iK, fig. 43; 1854, ‘ Contrib. Brit. 
Pal. p. 243; J. Morris, 1854, ‘ Catal. Brit. Foss.’ 2nd ed. p. 259; J. Sowerby, 
1867, ‘Siluria’ 4th ed. p. 197, Foss. 40, fig. 6, & Appendix p. 532; J. J. Bigsby, 
1868, ‘ Thes. Silur.’ p. 158; J. W. Salter, 1873, ‘ Catal. Cambr. & Silur. Foss.’ 
p. 69; A. C. Ramsay, 1881, Mem. Geol. Surv. vol. iti, ‘Geol. N. Wales’ 2nd ed. 
pp- 404, 414, & 431; J. D. La Touche, 1884, ‘ Geol. of Shropshire’ p. 59 & pl. v, 
tig. 96; R. Etheridge, 1888, ‘ Foss. Brit. Is.’ vol. i (Paleozoic) p. 113; H. 
Woods, 1891, ‘Catal. Type Foss. Woodwardian Mus.’ p. 107; J. Horne & 
B. N. Peach, 1899, Mem. Geol. Surv. ‘Silur. Rocks of Britain’ vol. i, p. 682, 
non pp. 699 & 706; J. Horne, B. N. Peach, & A. Macconochie, 1901, in ‘ Fauna, 
Flora, & Geology of the Clyde Area,’ publ. by Local Comm. for Meeting of 
Brit. Assoc, Glasgow, ? p. 428, non p. 438. 

Diagnosis.—Shell rather small, turreted, composed of more than 
four whorls. Whorls angular, increasing somewhat rapidly, flattened 
or slightly convexo-concave above, concave below, more or less irregu- 
larly coiled, often exsert, last whorl showing a tendency to become 
detached, sutures frequently very oblique. Sinual band situated on 
the angle, above the middle of the body-whorl, sub-median on the 
penultimate whorl; sharp, prominent, almost flange-like, composed 
of three fine keels. Lines of growth forming distinct threads, 
strong lines being intercalated between fine ones at tolerably regular 
intervals, curving obliquely back to the band above and forward 
below. Ornamentation consisting of a keel on the base at a little 
distance below the band, which appears above the suture on the 
higher whorls, when they are exsert; and there are traces of a 
very fine thread just below the upper suture. Umbilicus closed. 
Aperture imperfectly known. 

Remarks and Resemblances.—There are nine specimens of 
this species in the Sedgwick Museum, Cambridge, which are all 
internal moulds. One of them is marked as M‘Coy’s type; it has 
the sutures very oblique and the whorls exsert. Another example 
from the same locality has the sutures less cblique, and there is a 
slight breakage along the sinual band which gives the appearance 
of a deep slit in the outer lip, but thié has not really existed in the 
natural state, though the original sinus may have formed a line of 
weakness which led to the breakage in this part. M‘Coy’s figure 
seems to have been constructed from these two individuals: for it has 
the slit represented on it, and rather more of the base is given then 


1 Bull. Soc. Etud. Sci, Angers, 1887 (sep. cop.) p. 22 & pl. viii, fig. 5. 
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is actually seen on the specimen marked as the type. The surface- 
characteristics are not seen on any of these specimens. Mrs. Gray, 
however, possesses a shell which appears identical with this species, 
and it has the surface fairly well-preserved. A drawing of it is 
given (Pl. XLIII, fig. 5). It is compressed obliquely, so that the 
whorls are caused to appear more oblique and wider from the point 
of view taken than they must originally have been ; the sinual band 
on the body-whorl also is so much broken as to give it an undulating 
appearance. The tricarinate form of the band is shown on part of 
the body-whorl and also on the penultimate whorl, and the lines of 
growth are distinctly discernible on parts of the surface. This 
species resembles L. perangulata (Hall)? in the structure of the band, 
the character of the lines of growth, and in the tendency of the last 
whorl to become detached, but it is distinguished by having a 
greater spiral angle, and no umbilicus. 

Dimensions.—The type (Pl. XLIII, fig. 3) consists of three 
whorls in a length of 8°25 millimetres, the width = 825 mm. 
Another specimen, figured in Pl, XLIII, fig. 4, having three whorls, 
= 8mm. in length, and about 6 mm. in width; this is less than the 
full width would be, were the shell not embedded in the matrix. 
Mrs. Gray’s example is also imperfect, and consists of only three 
whorls. It is figured (Pl. XLIII, fig. 5), and measures 9 millimetres 
in length and 10 mm. in width. The width here is rendered by 
pressure greater than it must originally have been. 

Locality.—The type and seven associated specimens are from 
Yspytty Evan (Denbighshire), while another example in the Sedgwick 
Museum is from the west of Llanfechan (Montgomeryshire). Two 
other moulds of shells from this last locality are marked Murchisonia 
gyrogonia, but the wax-impression of one shows that the lines of 
growth pass over the keels without deflection for a sinus, therefore 
it cannot belong to this species ; and the other is too poor for certain 
identification. There is a small cast in the British Museum (Natural 
History) from Meitod, Montgomery, marked M. gyrogonia, but it is 
too badly preserved to make anything of. Mrs. Gray’s specimen is 
from Shallock Mill (Ayrshire). This species has been recorded 
from other localities in Scotland, but the example referred to here 
is the only true representative that I have met with. Ina previous 
paper” I showed that probably the shells from the Llandeilo of 
Balclatchie were wholly, or in part, Lophospira variabilis, Don. 

Horizon.—Middle Bala. 


Lopwospira Excavara, sp. nov. (Pl. XLII, fig. 6 and text-fig. 1.) 


Diagnosis.—Shell turreted, composed of more than four whorls. 
Whorls increasing at a moderate rate, angular above the middle of 
the body-whorl and near the middle of the penultimate whorl, 
deeply concave above the angle, but only slightly concave below. 
A strong ridge on the angle represents the sinual band, which is 


* Pal. New York, vol. i (1847) p. 41 & pl. x, fig. 4, non p. 179 & pl. xxxviii 
figs. 7 a-7 6. 4 


* Quart. Journ. Geol. Soe. vol. lviii (1902) p. 384. 
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imperfectly known, but was probably trilineate. Lines of growth 
sharp and regular, curving back to the band above and forward 
below. Ornamentation consisting of a keel below the suture and 
another below the band, which is covered by the suture on the 
earlier whorls. Aperture longer than wide, imperfectly ae 
Base produced. 

Remarks and Resemblances.—tThere are four specimens of 

this species in Mrs. Gray’s collection, and two in the Geological 
Survey Collection, Royal Scottish Museum, 

Fig. 1.—Lophospira which are all imperfectly preserved. The 
excavata,sp.nov., lines of growth are clearly seen on a portion 
from the Llan- of the surface of one of Mrs. Gray’s examples, 
deiloof Minuntion but not on the band, which is much worn on 

(Gray Collection). all the shells; there are traces of a fine line 

Magnified 4dia- on each side of the central ridge. This 

meters. species is distinguished from L. brcincta (Hall) 
by the spire being slightly higher, the lines 
of growth being more oblique below the band, 
and the band appearing somewhat wider. It 
greatly resembles L. obliqua,Ulr.’ (Murchisonia 
bicincta, Salt.), but the spiral angle is less, 
the shell being rather longer in proportion 
to the width. The whorls are also more 
excavated above the band than in either of 
these species. 

Dimensions.—The specimen figured in 
Pl. XLII, fig. 6 has the apex broken, leaving about four whorls 
which = 20 millimetres in length and 14 mm. in width. The 
shell, of which a portion of the surface is illustrated in the appended 
figure, also has the apex broken, and the four remaining whorls 
= 16 mm. in length and 11 mm. in width. 

Locality and Horizon.—Minuntion (Ayrshire), in rocks of 
Llandeilo age { Lapworth]. 


Lopnosprra VARIABILIS, Don. 

For description and figures see Quart. Journ. Geol. Soc. vol. lvili 
(1902) p. 334 & pl. ix, figs. 7-10. 

Remarks.—NSince writing the description, I have met with ten 
more specimens of this species, as well as many internal moulds, all 
in Mrs. Gray’s collection. 


LopHosPIRA BORHALIS, Don. 
For description and figures see Quart. Journ. Geol. Soc. vol. lvii 
(1902) p. 333 & pl. ix, figs. 5 & 6, 


LopHosPrra TRISPIRALIS, sp. nov. (Pl. XLILLI, figs. 7 & 7 a.) 
Diagnosis.—Shell small, turreted, composed of about nine 
gradually-increasing whorls. Whorls angular, flat or slightly 


1 Final Rep. Geol. & Nat. Hist, Surv. Minnesota, yol. iii, pt. i (1897) p. 965 
& pl. Ixxii, figs. 6-8 
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concave above, and flat below. Sinual band situated immediately 
below the angle, which is above the middle of the body-whorl 
and below the middle of the whorls of the spire; it is broad, and 
composed of three strong raised threads. The lines of growth 
curve obliquely back to it above and obliquely forward below, not 
being observed on the band itself. ‘The ornamentation consists of 
a strong thread a short distance below the band, and a very fine 
thread immediately below the upper suture. Umbilicus closed. Base 
convex. Aperture sub-ovoid, longer than wide; columella nearly 
straight. 

Remarks and Resemblances.—There are about twenty- 
seven specimens of this species in Mrs. Gray’s collection. It is 
hardly a characteristic Lophospira, but seems more like species of 
this genus than those of Goniostropha, Ghlert, to some species of 
which it also bears a resemblance, more especially to such a form as 
Goniostropha Marsi, Gshl.," from the Devonian. Nevertheless, I 
consider it advisable to place it in Lophospira, until the exact 
character of the sinual band is known. In the form of the band 
and ornamentation it is very like ZL. instabilis, which also occurs 
in beds of the same age, but it is more elongated, having more 
numerous whorls; the umbilicus is closed, and the lower keel is 
nearer the band. Among American species it comes nearest to 
Murchisonia perangulata, Hall,’ from the Trenton Formation, but 
the band of that species is said to be double, whereas in this the band 
is formed of three almost equally-strong keels, the lower thread 
ornamenting the surface is nearer the band, and the upper one is 
very fine instead of being a distinct keel. 

Dimensions.—The biggest specimen has about nine whorls; it 
is from Thraive Glen, and measures 11 millimetres in length and 
about 6 mm.in width. It is not so well-preserved as a smaller 
example from Shallock Mill figured in Pl. XLIII, fig. 7, which 
consists of eight whorls in a length of 9 mm., whose greatest width 
= 3:5 mm. Another shell, from Drummuck, the body-whorl of 
which is figured in Pl. XLIII, fig. 7 a, on account of its showing the 
lines of growth, consists of seven whorls in a length of 5-5 mm., and 
its width = 3°75 mm. 

Locality and Horizon.—Mrs. Gray’s collection contains 
numerous specimens from the Upper Bala of Thraive Glen and of 


Drummuck, and from the Middle Bala of Shallock Mill (all in 
Ayrshire). 


LopwosPIra INsTABILIS, sp. noy. (Pl. XLIII, figs. 8-10.) 


Diagnosis.—Shell turbinate, composed of about six whorls. 
Whorls angular above the middle of the body-whorl and near the 
middle of the earlier whorls, flattish above and nearly vertical 
below the angle, smooth with the exception of a keel a short 
distance below the band and a fine thread immediately below the 


> Buil. Soc. Ktud. Sci. Angers, 1887 (sep. cop.) p. 17 & pl. viii, fig. 1. 
* Pal. New York, vol. i (1847) p. 179 & pl. xxxviii, figs. 7-75, non pl. x, fig. 4. 
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suture. Band trilineate, situated on the angle. Lines of growth 
curving very obliquely back to the band above and forward again 
below. Sinus in the outer lip triangular, of moderate depth. 
Base convex and but slightly produced. Indications of an open 
umbilicus. Test thin. : 

Remarks and Resemblances.—There are four specimens of 
this species in Mrs. Gray’s collection; and also a fifth example 
which I am placing with them for the present, as it greatly resembles 
them, more especially in the form and obliquity of the lines of 
growth : the surface is, however, not well-preserved and it is much 
bigger, so it is difficult to be certain of the correctness of the 
identification. The discovery of better specimens may prove this to 
be a distinct species, while, on the other hand, if a larger series 
were found, some might be intermediate in size and prove to be 
connecting-links with the type. Two of the specimens are repre- 
sented by both internal and external moulds. The internal mould 
of one of these is figured in Pl. XLITI, fig. 8; the band has a very 
sharp keel on the body-whorl, and the bordering keels are only 
faintly seen on a portion of it; but the three keels are clear on the 
penultimate whorl, and they are still more distinct on a wax- 
impression of this whorl taken from the external mould, where the 
band is wider and the three keels nearly equal in strength. On this 
shell the base of the sinus in the outer lip appears to be intact, and, 
judging by the lines of growth, it was probably not originally much 
deeper than is now represented. The other three examples all show 
the trilineate band; on one of them (Pl. XLIII, fig. 9) it is not quite 
so wide, and the central keel is more prominent. The largest specimen 
(Pl. XLITT, fig. 10) has the three anterior whorls represented by the 
internal mould, and the posterior ones by the external impression 
in the matrix. The band is not well-preserved on the body-whorl, 
where it is a prominent ridge, and the bordering keels are faint. 
On the third whorl from the base the central keel alone appears, and 
it is sharp and flange-like. The American species which this most 
nearly resembles is L. perforata, Ulrich* (Murchisonia bieincta ?, 
Meek & Worthen non Hall), but the figures do not give the surface- 
structure well enough to make a satisfactory comparison. 

Dimensions.—The specimen figured in Pl. XLIII, fig. 10, 
consists of about six whorls, and has a length of 16 millimetres and 
a width of 18mm. That represented by fig. 8 in the same plate is 
imperfect, and consists of about one and a half whorls, which 
=8 mm. in length and 10 mm. in width. The wax-impression of 
this same shell gives three whorls, which = 7:5 mm. in length 
and 10 mm. in width. That represented by fig. 9 in Pl. XLII 
= 12 mm. in length and 8 mm. in width. 

Locality and Horizon.—Four of the specimens, including 
those figured, are from the Upper Bala [Lapworth] of Thraive Glen 
(Ayrshire). The other is from the Starfish Bed, which is of the same 
age, and occurs in the same locality. 

1 Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897) 
p. 984 & pl. Ixxiii, figs. 32-35. 
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Lopnosrira Sepewicku, sp.nov. (Pl. XLIITI, figs. 11 & 12.) 


Diagnosis.—Shell of medium size, turreted, composed of about 
seven whorls. Whorls angular, increasing at a moderate rate, flat 
or slightly concave above the angle, flat below, base convex. A 
prominent flange-like keel, which represents the sinual band, is 
situated on the angle above the middle of the body-whorl and is sub- 
median on the whorls of the spire. Ornamentation consisting of a 
strong keel a short distance below the band and a very fine thread 
immediately below the upper suture. No lines of growth discernible. 
Aperture longer than wide, lip reflected on the columella. Umbilicus 
small. 

Remarks and Resemblances.—In the Sedgwick Museum 
there are two external moulds from the Mullock-Hill Sandstone, 


marked ‘ M. pulchra, M‘Coy GV which are quite distinct from the 
Irish type of the species, both in form and ornamentation. They 
more nearly resemble L. gyrogonia, M‘Coy, in having a prominent 
flange-like sinual band and a keel a short distance below, but may 
be distinguished by the smaller spiral angle, minute umbilicus, less 
oblique sutures, and less exsert whorls, which show no tendency 
for the body-whorl to become detached. They are also somewhat 
like LZ. perangulata, Hall, but neither these two specimens, nor six 
others in Mrs. Gray’s collection from the same locality, are suffi- 
ciently well-preserved to admit of an accurate comparison being 
made. 

Dimensions.—The largest specimen (Pl. XLIII, fig. 12) in 
the Sedgwick Museum consists of about six whorls; its length 
= 13 millimetres, and the width of the penultimate whorl =7 mm. 
That figured in Pl. XLITI, fig. 11, belonging to Mrs. Gray, consists 
of six whorls in a length of 12 mm.; its width = 8mm. Both 
the above are external moulds. Another specimen of Mrs, Gray’s 
is partly an internal and partly an external mould; it consists of 
about seven whorls in a length of 13 mm.; width of penultimate 
whorl = 6°5 mm. 

Locality and Horizon.—Mullock Hill (Ayrshire), in beds of 
Lower Llandovery age { Lapworth]. 


Cicelia Subsection. 


LopHosprra ancutocrnota (Salt.). 


For description and figures see Quart. Journ. Geol. Soc. vol. viii 
(1902) p. 332 & pl. ix, figs. 4 & 4a. 


LopHosPIRA FERRUGINEA, sp. nov. (Pl. XLIV, figs. 1 & 1 a.) 
Diagnosis.—Shell turreted, moderately elongated, consisting of 
about ten whorls. Whorls broad, angular, concave above and 
flattened below the angle. A prominent obtuse keel is situated on 
the angle, which is near the middle of the body-whorl and below 
the middle of the whorls of the spire. This keel is bordered on 
each side by a fine line, and that it represents the sinus in the outer 
lip is shown by the lines of growth curving back to it above and 
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forward again below. ‘There is an additional and slighter keel below 
on the body-whorl, which is partly visible above the suture on 
some of the earlier whorls; traces of fine spiral lines are also 
evident on the surface. Aperture and apex unknown. 

Remarks and Resemblances.—Mrs. Gray’s collection con- 
tains but one specimen, and its surface is only imperfectly preserved. 
1 know of no other species which it resembles. It probably belongs 
to the Cicelia subsection, though it is hardly so slender as the other 
members of the group. 

Dimensions.—Length = 9 millimetres; width = 4:5 mm. 

Locality and Horizon.—Ardmillan Brae (Ayrshire), in beds 
of Llandeilo age [ Lapworth}. 


B. Brerwora Section. 


Bicincta Subsection. 


Lornosprra Brcincra (Hall). (Pl. XLIV, fig. 2 


De “_s 

Murchisonia bicincta, J. Hall,'1847, ‘ Pal. New York’ vol. i, p. 177 & pl. xxxviii, 
figs. 5a-5f (P5g & 5h) ; non BF. M‘Coy, 1846, ‘Syn. Silur. Foss. Irel.’ p. 16 
& pl. i, fig. 17; non J. W. Salter, 1859, Geol. Surv. Can. ‘Canadian Organic 
Rem.’ dec. i, p. 19 & pl. iv, figs. 5-6; now Meek & Worthen, 1868, Geol. 
Surv. Ill. vol. 11, p. 317 & pl. ui, fig. 4. Maurchisonia Milleri, J. Hall, 1877, 
Miller’s ‘ Amer. Pal. Foss.’ Ist ed. p. 244; non Plewrotomaria bicineta, G. 
Lindstrém, 1884, ‘ Silur. Gastrop. & Pterop. Gotl.’ Kongl. Svensk. Vet.-Akad. 
Handl. n.s. vol. xix, no. 6, p. 106 & pl. viii, figs. 15-25. Lophospira bicincta, 
KE. O. Ulrich, 1897, Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, 
pt. ii, p. 964 & pl. lxsii, figs. 1-5. / Murchisonia bicincta, J. Horne & B. N. 
Peach, 1899, Mem. Geol. Surv. ‘Silur. Rocks of Rritain ’ vol. i. pp. 682 & 695. 
Pleurotomaria Milleri= Pl. bicincta, ? B. N. Peach, J. Horne, & A. Mac- 
conochie, 1901, in ‘ Fauna, Flora, & Geology of Clyde Area’ publ. by Local 
Comm. for Meeting of Brit. Assoc. Glasgow, p. 439. 

Diagnosis.—Shell turbinate, consisting of more than four 
whorls. Whorls increasing somewhat rapidly, angular above the 
middle of the body-whorl and near the middle of the earlier whorls, 
more concave above the angle than below. Sinual band situated on 
the angle, narrow, trilineate, the central keel sharp and prominent, 
the two bordering threads finer. Lines of growth sharp raised 
threads, curving back to the band above, with a moderate degree of 
obliquity, almost vertical below. Ornamentation consisting of a 
strong keel placed below the suture about a third of the distance 
between it and the band, and another kecl at about the same 
distance from the band below. Body-whorl not much produced. 
Base convex. Aperture subcircular. 

%emarks and Resemblances.—There are two specimens in 
Mrs. Gray’s collection which appear to be this species. I have not 
had the opportunity of seeing any of Hall’s specimens; therefore, in 
identifying the Scottish shells, [ am guided toa certain extent by his 
figures and description, but more especially by Dr. Ulrich’s figures 
and remarks thereon, as he has had the opportunity of examining a 
large series of American examples. Dr. Ulrich considers that Hall 
has united more than one species or variety under the name bicincta. 
‘The figures evidently differ from one another. Dr. Ulrich therefore 
sets aside figures 5g & 5A on pl. xxxvill, and regards 5a-5f as 
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typical of the species. Even then he cannot reconcile Hall’s state- 
ment, of there being a sharp ‘ retral curve’ of the striz on the 
band, with the figure 5 e, where the lines indicate a shallow sinus 
such as Dr. Ulrich has observed to be the case on individuals that 
he takes as typical bicincta. I must also remark that the band is 
here represented much wider than in his figures of bicincta. 

I have compared the Scottish specimens with examples of Murchi- 
some bicincta, Salt.,‘ in the British Museum (Natural History), and 
find that they greatly resemble one another, with the exception that 
the lines of growth below the band appear slightly more oblique on 
the latter, a circumstance whith has caused Dr. Ulrich to consider 
it a distinct species, which he has named Lophospira obliqua. 

Dimensions.—The specimen figured in Pl. XLIV, fig. 2 has 
the apex broken; the four remaining whorls = 15 millimetres in 
length and 12:5 mm. in width. The other example also has the 
apex broken, and only three whorls remain which = 9°5 mm. in 
length and 9 mm. in width. 

Locality and Horizon.—Balclatchie (Ayrshire), in beds of 
Llandeilo age [Lapworth]. Messrs. Peach, Horne, & Macconochie 
record this species from the Llandeilo of Minuntion and the Middle 
Bala of Shallock Mill in the same county; but I have not met 
with it in any of the Scottish collections from these localities. 


LopHosprra Bictnora (Hall) var. scorica nov. (Pl. XLIV, figs. 3 
& 4 and text-fig. 2.) 

This variety resembles the type in every particular, except that 
the upper keel is about midway between 
the band and the suture, also there is 
another slighter keel at the suture, and 
the shell is generally of greater size. It 
seems the more abundant form, as there 
are eight specimens in Mrs. Gray’s col- 
lection. It resembles LZ. humilis, Ulrich,” 
in ornamentation, but the spire is not so 
depressed. Dr. Ulrich considers that L. 
humilis is closely allied to Z. bicincta. 
Where the outer surface is not well- 
preserved both on the type and on: the 
/ variety, the sinual band appears as merely 
SRUPEAB ESS, iu j a single strong keel, the finer bordering 
Ks papery keels being obliterated. 
Dimensions.—The specimen figured in Pl. XLIV, fig. 3 has 
the apex broken, leaving only three whorls, which =18°5 millimetres. 
in length and 16 mm. in width. Width of specimen of which the 
aperture is shown (Pl. XLIV, fig. 4) = 18 mm. 

Lotality and Horizon,—Balclatchie (Ayrshire), in beds of 
Llandeilo age { Lapworth], 


Fig. 2. — Lophospira 
bicincta, va7. scotica 
nov., from the Llan- 
deilo of Balclatchie. 
Magnified 4 dia- 
meters. 


* Geol. Sury. Canada, ‘Canadian Organic Remains’ dee. i (1859) p. 19 & 
pl. iv, figs, 5-6. 

* Final Rep. Geol. & Nat. Hist. Surv. Minnesota, vol. iii, pt. ii (1897): 
p- 968 & pl. lxxii, figs. 12-15. ee ame: 
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LopHosPIRA BELLICARINATA, sp. nov. (Pl. XLIV, fig. 5 & text-fig. 3.) 


Diagnosis.—Sheil turreted, composed of more than six whorls. 
Whorls strongly angular above the middle of the body-whorl, and 
slightly below the middle of the earlier whorls; surface deeply 
excavated above the angle and more or less concave below. Sinual 
band situated on the angle, having a very prominent central keel 
and a slighter one bordering a groove on each side. Ornamentation 
consisting of a keel a short distance below the upper suture, and 
another below the band which appears just above the lower suture 
on the anterior whorls of the spire. Lines of growth strong and 

distinct, curving back to the band above and 

Fig. 3. — Lopho- coming down almost vertically below, forming 

spira _bellicari- erescents on the band which indicate a sinus 

nata, sp. nov., of moderate depth. Base convex. Aperture 

penultimate whorl imperfectly known, produced ; no indication 
magnified 3 dia- of an open umbilicus. Test thin. 


mois Ey ohe ibe Remarks and Resemblances. — Mrs. 
Middle Bala of Gray’s collection contains two specimens of 
Shallock Mill. this species: that figured in Pl. XLIV, fig. 5 


is fairly well-preserved, the other is very im- 
perfect. Among British shells it most nearly 
resembles Plewrotomaria turrita, Portl.,* but 
is distinguished by the central keel of the band 
being more prominent, the upper and lower 
keels being stronger, the whorls more excavated 
above, and the lines of growth being less 
oblique. The American species which it is 
most like is ZL. Saffordi, Ulrich,? from which it differs in being 
rather slighter, the band somewhat wider, its central keel sharper 
and more prominent, and the lines of growth less oblique. 

Dimensions.—Length of specimen figured, consisting of five 
whorls, = 30 millimetres; width of penultimate whorl = 16 mm. 
The other example is smaller, and consists of about six whorls in a 
length of 17 mm. 

Locality and Horizon.—Shallock Mill (Ayrshire), in rocks 
of Middle Bala age [ Lapworth]. 


Tubulosa Subsection. 


LopHosPira CYCLONEMA (Salt.). (Pl. XLIV, figs. 6-9.) 


Murchisonia cyclonema, J. W. Salter, 1873, ‘Catal. Cambr. & Silur. Foss.’ p. 155. 
Murchisonia corpulenta, W. J. Sollas, 1879, Quart. Journ. Geol. Soc. 
vol. xxxv, p. 499 & pl. xxiv, fig. 11; A. C. Ramsay, 1881, Mem. Geol. Surv. 
vol. ii, ‘Geol. North Wales’ 2nd ed. p. 461; R. Etheridge, 1888, * Foss. Brit. 
Is. vol. i (Paleozoic)’ Appendix, p.418. Murchisonia cyclonema, H. Woods, 
1891, ‘Catal. Type Foss. Woodward Mus.’ p. 107. Plewrotomaria cyclo- 
nema, F. R. C. Reed, 1901, Geol. Mag. dec. iv, vol. viii, p. 248 & pl. xi, 
figs. 1-3. 


Diagnosis.—Shell somewhat short, robust, turbinate, composed 
1 « Rep. Geol. Londonderry, &ec.’ 18438, p. 413 & pl. xxx, fig. 7. 


2 Final Rep. Geol. & Nat. Hist. Sury. Minnesota, vol. iii, pt. ii (1897) 
p- 982 & pl. Ixxiii, figs. 49-51. 
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of about six whorls. Whorls increasing somewhat rapidly, more or 
less convex. Band prominent, situated considerably above the 
middle of the body-whorl, and near the middle of the penultimate 
whorl, of moderate width, bounded on each side by a raised thread, 
with a stronger thread which is submedian, being placed either in 
the middle or else nearer the upper thread. Ornamentation above 
the band, consisting of a strong, rounded keel about midway 
between it and the suture and a swelling immediately below the 
suture; consisting below the band on the body-whorl of six or more 
strong rounded keels, the uppermost being the strongest, and from 
one to three showing on the higher whorls above the suture. Lines 
of growth distinct, sharply defined, fine threads curving back to the 
band above, coming forward immediately below the band and then 
curving slightly backward, forming strong raised crescents on the 
band, indicating a sinus of moderate depth in the outer lip. 
Aperture sub-circular, the inner lip slightly reflected, either 
adpressed on the body-whorl or free. Base convex. Umbilicus 
closed. i 

Remarks and Resemblances.—The first to record this 
species is Salter in 1873, but he does not describe or figure it. 
In 1879 Prof. Sollas describes and figures :t under the name of 
Murchisona corpulenta ; he has but one example, which is poorly 
preserved, and he does not refer to Salter’s previously-named 
specimens, Mr, F. R. Cowper Reed in 1901 describes and figures 
Salter’s species as Plewrotomaria cyclonema, but does not identify it 
with that of Prof. Sollas. Through the kindness of Prof. Hughes 
and also of the Committee of the Bristol Museum in lending me 
the specimens, I have been enabled to compare them, and I am 
convinced of their identity. As Salter’s name is the oldest, and the 
species is founded by him on a good representative series of fourteen 
individuals, and has also since been accurately described and figured 
by Mr. F. R. C. Reed, it seems best that Salter’s name should stand 
(though he did not give a description or figure)—more especially 
as the specimen figured by Prof. Sollas is a poor one, unsuitable 
for a type, and not characteristically represented on the plate. The 
lines of growth indicate a sinus, and not a slit, in the outer lip. 
On some examples they are coarse and sub-lamellar, on others they 
are fine and closely packed, while on others again they vary in 
strength and nearness on the same individual. ‘those on the band 
are either crescentic or subquadrate in form; they may be similar 
to those on the rest of the shell, or they may differ in strength and 
closeness together. The fact of this species having a sinus in the 
outer lip, together with its other characteristics, necessitates its 
removal from the genus Murchisonia to Lophospira, where it must be 
placed in the Zubulosa subsection of the Bicincta section. 
It greatly resembles Plewrotomaria laqueata, Lindstrém,! which 
Dr. Ulrich also places in the same group, but it differs in the cha- 
racter of the band. I have met with twenty-seven specimens of this 


1 «Silurian Gastropoda & Pteropoda of Gotland’ Kongl. Svensk. Vet.-Akad. 
Hand. n. s. vol. xix, no. 6 (1884) p. 102 & pl. ix, figs, 4-6. 
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species, fourteen of which are in the Sedgwick Museum, Cambridge, 
nine in the British Museum (Natural History), three in the Museum 
of Practical Geology, London, and one in the Bristol Museum. 

Dimensions.—the specimen that would have been the largest 
if entire is in the Sedgwick Museum, Cambridge; it has barely 
three whorls, but has the aperture remarkably well preserved ; it 
has already been figured by Mr. F. R. Cowper Reed, and is figured 
again (Pl. XLIV, fig. 7) in order to show the inner lip ad- 
pressed against the body-whorl. It measures 34 millimetres in 
length and 26 mm. in width. An example nearly as large in the 
same collection has the apex broken, leaving four whorls which 
= 36 mm. in length and 25 mm. in width. The smallest 
individual in this collection has four whorls in a length of 10 mm., 
whose greatest width = about 85 mm. The specimen of 
Prof. Sollas, figured in P]. XLLV, fig. 6, consists of five whorls in 
a length of 85 mm., the width measuring 27 mm. In another 
example with the aperture, which is in the British Museum (Natural 
Histcry), figured in Pl. XLIV, fig. 8, the inner lip appears detached, 
as is frequently the case in Lophospira ; but perhaps this is due to 
the state of preservation. 

Locality and Horizon.—The specimens in the Sedgwick 
Museum and seven in the British Museum are from Dudley. That 
in the Bristol Museum is from Cae Castell, Rhymney River. 
Three in the Museum of Practical Geology are severally from 
Callow Farm, Martley (Worcestershire); the Herefordshire Beacon ; 
and Wenlock Edge. The horizon of all these is the Wenlock 
Limestone, of which formation L. cyclonema appears to be a charac- 
teristic fossil, as hitherto I have not met with it elsewhere. 


Lornosprra PutcHra, M‘Coy. (Pl. XLIV, figs. 10 & 11.) 

Murchisonia pulchra, F. M‘Coy, 1846, ‘Syn. Silur. Foss. Irel.’ p. 16 & pl. i, fig. 19; 
? 1852, ‘ Brit. Paleoz. Foss.’ p. 294 & pl. 1 K, fig. 42; J. Morris, 1854, ‘ Catal. 
Brit. Foss.’ 2nd ed. p. 259; J. Sowerby, 1867, ‘Siluria’ 4th ed., Appendix, 
p. 582; J.J. Bigsby, 1868, ‘Thes. Silur.’ p. 159 ; non J.W. Salter, 1873, * Catal. 
Cambr. & Silur. Foss.’ pp. 69 & 83; A. C. Ramsay, 1881, Mem. Geol. Surv. 
vol. ili, ‘Geol. N. Wales ’ 2nd ed. pp. 404, 414, 431 & 437 ; R. Etheridge, 1888, 
‘Foss. Brit. Is.’ vol. i (Paleozoic) p. 113; non H. Woods, 1891, ‘ Catal. Type 
Foss. Woodward. Mus.’ p. 107; now J. Horne & B. N. Peach, 1899, Mem. 
Geol. Surv. * Silur. Rocks of Britain ’ vol. 1, p. 682 ; zon B. N. Peach, J. Horne, 
& A. Macconochie, 1901, in ‘ Fauna, Flora, & Geology of the Clyde Area’ publ. 
by Local Comm. for Meeting of Brit. Assoc. Glasgow, p. 438. 


Diagnosis.—Shell of medium size, subconical, composed of 
about seven whorls. Whorls increasing at a moderate rate, sub- 
angular near the middle of the penultimate whorl, and below the 
middle of the body-whorl, flattened or scarcely convex above, 
slightly convex below. Band situated on the angle, prominent, 
rather convex, margined on each side by a raised thread, with 
another thin thread down the middle. Ornamentation consisting 
of a thread immediately below the suture, and another stronger one 
a short distance below the band. Lines of growth strong, sub- 
lamellose, sharply bent on the uppermost keel, curving back to the 
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band with but a slight degree of obliquity, strongly concentric or 
subquadrangular on the band and passing downwards almost 
vertically. Sinus probably of moderate depth. Aperture sub- 
quadrate ; columella slightly twisted back; inner lip apparently 
reflected on the body-whorl. 

Remarks and Resemblances.—the types of this species, as 
described and figured by M‘Coy in the ‘Syn. Silur. Foss, Irel.’, are 
in the Museum of Science and Art, Dublin. They occur as external 
moulds, and the drawings are made from wax-impressions. M‘Coy 
describes a variety of this species in his ‘ Brit. Paleoz. Foss.’ p. 294, 
which is figured from an Irish specimen, as he considers it better 
preserved than the English examples. This figure consequently 
agrees with the specimens in the Dublin Museum. Through the 
kindness of Prof. Hughes, I have been enabled to examine the 
specimens in the Sedgwick Museum referred to as being a variety 
of L. pulchra by M‘Coy, with the exception of the example 
from Alt-yr-Anker, Meifod, which appears to be missing. They 
are all external moulds, and none of them resemble this species 
sufficiently to be considered a variety of it. That from the Middle 
Bala slates north of T'remadoc is too poor to make anything of. 
The specimen from the Llandovery of Mathyrafal is not a Lopho- 
spira, as the lines of growth pass over the submedian keel without 
being deflected to form a sinus. Those from the Llandovery of 
Mullock Quarry, Dalquorhan, constitute a new species of Lopho- 
spira. The only British species which L. pulchra resembles is 
Ulrichospira similis, Don.,’ but there the band is grooved, the 
ornamentation is different, and the lines of growth make more 
concave curves. L, pulchra bears some likeness to L. medialis 
var. burginensis, Ulrich,’ in its general contour, form of band, and 
lamellose lines of growth; but it differs in having less oblique 
lines of growth, a decided keel below the suture on which these 
lines are acutely bent, and no umbilicus, None of the specimens 
in the Museum of Practical Geology, London, marked Murchisonia 
pulchra agree with this species; neither have I seen any undoubted 
representatives of it in Mrs. Gray’s collection, nor in the Geological- 
Survey Collection, Edinburgh. 

Dimensions.—The specimen figured in Pl. XLIV, fig. 10, con- 
sists of seven whorls = 16 millimetres in length, and the penul- 
timate whorl = 95mm. ‘That which is figured in Pl. XLIV, 
fig. 11, consists of portions of two whorls, which measure 9°5 mm. 
in length and 9°5 mm. in width. 

Locality and Horizon.—M‘Coy states that this species is 
very common in the grey slate resting upon trap at Glencraff, 


Leenane (Co. Galway). J am informed by Mr. McHenry that this 
rock is of Wenlock age. 


* Quart. Journ. Geol. Soe. vol. Ixi (1905) p. 569 & pl. xxxvii, fig. 3. 
* Final Rep. Geol. & Nat. Hist. Sury. Minnesota, vol, iii, pt. ii (1897) p. 974 
& pl, Ixxiii, figs. 30-31. 
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C. Rozsvsra Section. 


Lopuosprra suBGLoBosA, sp. nov. (Pl. XLIV, fig. 12 & text-fig. 4.) 


Diagnosis.—Shell short, turbinate, composed of several whorls. 
Whorls increasing somewhat rapidly, slightly convexo-concave 
above, convex below. Sinual band situated above the middle of 
the body-whorl and rather below the middle of the penultimate 
whorl, almost even with the surface, but slightly margined and 
having a submedian line. Lines of growth forming strong raised 
threads, curving back to the band above and passing down nearly 
vertically below, forming crescents on the band where finer lines 
are intercalated among the strong ones, indicating a shallow sinus 
in the outer lip. Surface smooth, with very faint indications of 
spiral lines, Test thin, Aperture unknown, 

Remarks and Resemblances, — I 
Fig. 4. — Lophospira have only met with three specimens of this 
subglobosa, sp. nov., species, which are in Mrs. Gray’s collection 
from the Llandeilo and are all imperfect ; one shows the sur- 
of Craighead, mag-  face-ornamentation very well, and there 
nified 2 diameters. are traces of it on the others. This 
species bears the characteristics of the 
Robusta Section of Ulrich, and is very 
different from the typical species of Lopho- 
spira, the whorls being more convex and 
not having the accessory keels with which 
members of the genus are generally orna- 
mented. It resembles Pleurotomaria robusta 
var. levissima, Lindstr.,! but the whorls 
are not so convex, the band is not so dis- 
tinctly margined, and the lines of growth 
are less oblique. 

Dimensions.—Portions of two whorls are preserved in two 
specimens, and only a fragment of one whorl in another. That 
figured in Pl. XLIV, fig. 12, measures 25 millimetres in length 
and 36 mm. in width. 

Locality and Horizon.—Craighead (Ayrshire), in beds of 
Llandeilo age [ Lapworth]. 


Turriroma, Ulrich. 


I have already given Dr. Ulrich’s diagnosis” of this genus, and 
have provisionally referred to it two species, namely 7’. (?) polita 
and 7'. (?) punguis. I could only place these species here provi- 
sionally as they do not exactly agree with the diagnosis, nor do 
they resemble in contour the figure of the type-species, Murchisoniu 
acrea, Billings, which unfortunately is represented very imperfectly. 


1 ¢ Silurian Gastropoda & Pteropoda of Gotland’ Kongl. Svensk. Vet.-A kad. 
Handl. n.s. vol. xix, no. 6 (1884) p. 104 & pl. viii, figs. 8-9. 
2 Quart. Journ, Geol. Soe. vol. lviii (L902) p. 380. 
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They resemble, however, some of the other species associated with 
it by Dr. Ulrich, more especially MW. Laphami, Hall, which have 
more or less flattened instead of concavo-convex whorls and the band 
situated low down, features which Dr. Ulrich states in his remarks 
are characteristic of the genus. When a better specimen of T’urritoma 
acrea is figured, should these shells with uniformly-flattened whorls 
be found not to agree with it essentially, they must constitute 
anew genus. Hormotoma cingulata, His., as already mentioned,’ 
and perhaps . dubia, Don., should be referred here, and also a 
new and closely-allied species which I am about to describe as 
Turritoma (2?) tenuifilosa. 

This group bears a great resemblance to, and probably may 
contain, the progenitors of the Devonian Celidium, Clarke & 
tuedemann ® | Calocaulus, (thlert}, but it differs from the type ot 
the genus, C. Davidsonz, Athl.,’ in having the sinus in the outer lip 
deeper, the obliquity of the lines of growth much greater, the base 
of the shell more flattened, and the outer lip not appearing reflected 
as in M. Uthlert’s figure. 

As the validity of a species depends in a great measure on the 
number of forms by which it is represented, I may here state that 
Mrs. Gray has ten specimens of 7’. (?) pinguis from the Upper Bala 
of Thraive Glen, in addition to those already mentioned. There is 
also an example in the Geological-Survey Collection, Edinburgh, 
from the same horizon at Drummuck Burn. 


TURRITOMA (?) TENUIFILOSA, sp. nov. (Pl. XLIV, figs. 13 & 13a.) 

Diagnosis.—Shell somewhat elongated, conical, composed of 
more than seven whorls. Whorls flattened, but slightly convex, 
broad, ornamented by numerous fine spiral threads. Sinual band 
situated considerably below the middle of the upper whorls, slightly 
grooved, limited on each side by a raised thread. Lines of growth 
curving very obliquely back to the band above, indistinctly below, 
and invisible on the band ‘itself, Aperture subovoid. Base appa- 
rently rather flattened. ‘Test very thin. 

Remarks and Resemblances.—There is but one example 
of this species in Mrs. Gray’s collection, and it is crushed and 
embedded in the matrix. The body-whorl appears more angular 
than it must originally have been, owing to its being flattened by 
pressure ; the outline of the other whorls is also probably rendered 
less convex by the same cause. It greatly resembles L. (?) polita, 
Don., but the base is more angular, the band is situated slightly 
higher on the whorls, and the surface is ornamented by fine spiral 
lines. It is also like Hormotoma cingulata, His., in the flatness of 
the whorls, thinness of the test, and in being ornamented by fine 
spiral lines, but is distinguished by its less elongated form. 


1 Quart. Journ. Geol. Soc. vol. lv (1899) p. 265. 

> N.Y. State Mus. Mem. 5, ‘Guelph Fauna in the State of New York 
1903, pp. 65-67. 

® «Description de qq. Esp. dévoniennes de la Mayenne’ Bull. Soc. Etudes 


Sci. Angers (1887) p. 21 & pl. vii, figs. 4-4d. (4 on the plate would seem to 
be a misprint for 4¢.) 
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Fig. 5. Lophospira bellicarinata, sp. nov. Front view, X 14. Shallock Mill 
(Ayrshire). Gray Collection. 

Bigs. 6-9. Lophospira cyclonema (Salt.). Fig. 6. Back view of the type of 
Murchisonia corpulenta (Sollas). Nat. size. Cae Castell, Rhymney 
(Glamorgan). Bristol Museum. Fig.7. Front view of specimen 
showing aperture. Nat. size. Dudley. Sedgwick Museum, Cam- 
bridge. Fig. 8. Front view of another specimen with aperture, x 2. 
Dudley. British Museum (Nat. Hist.). Fig.9. Portion of whorl of 
another specimen showing lines of growth, x3. Dudley. Sedgwick 
Museum, Cambridge. Drawn from a photograph. 

Figs. 10 & 11. Lophospira pulchra (M‘Coy). Fig. 10. Front view of wax- 
impression, X 2. Fig. 11. Back view of wax-impression, x 2. 
Glencraff, Leenane (Co. Galway). Museum of Science and Art, 
Dublin, Drawn from photographs. 

Fig. 12. Lophospira subglobosa, sp. nov. Back view, nat. size. Craighead 
(Ayrshire). Gray Collection. 

13. Turritoma (1) tenuifilosa, sp. nov. Front view of specimen flattened by 
pressure, X 2. Fig. 13a. Outline of penultimate whorl, x 4. 
Woodland Point (Ayrshire). Gray Collection. 
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27. Liasstc Dentatiipm. By Linspart Ricwarpson, F.G.S. 
(Read March 7th, 1906.) 


[Puarn XLV.] 


Tur Great Western Railway-line between Honeybourne and Chelt- 
enham now (1906) nearing completion, necessitated the making ofa 
considerable number of cuttings in the Lias, the zones exposed dating 
from owynoti to capricornus inclusive. Among the fossils collected 
were many belonging to the family Dentaliide. The majority of the 
forms appeared to be new, and consequently a somewhat exhaustive 
investigation of the Liassic members of the family was imperative. 
In the course of these investigations, through the courtesy of the 
respective keepers, the specimens preserved in the Natural History 
Museum, the Museum of Practical Geology (Jermyn Street), the 
Geological Society’s Museum (Burlington House), the Sedgwick 
Museum (Cambridge), and the Bath Museum, have been examined.! 

Occasionally some difficulty arises in distinguishing the tubes of 
certain tubicolous annelids of the genus Ditrupa from those of the 
Dentaliidee ; but, if the less regular character of the tubes does not 
suggest their true zoological position, a microscopic investigation 
will in most cases soon elucidate matters. The shells of scaphopods 
are of course open at both ends, which is not the case with those of 
the Serpulide. 

It may be of interest to mention that the growth of the scaphopod- 
shell is effected by means of successive increments at the anterior 
end, while contemporaneously the posterior end suffers by wear 
and absorption. ‘The members of this class (Scaphopoda) are essen- 
tially marine organisms, and for the most part inhabit deep water, 
being embedded in the mud or sand with only the posterior end of 
the shell projecting above the surface. There are no littoral species, 
and their food consists principally of foraminifera. 

In this paper it is not purposed to enter into the sub-generic 
division of Dentaliwm: the term is employed in the broad sense. 

In the memoir on ‘The Lias of England & Wales (Yorkshire 
excepted),’ published by the Geological Survey in 1893, the species 
of Dentalium recorded from the Lias of this country are :-——Dentalium 
angulatum, J. Buckman, D. elongatum, Minster, D. ctalense, Terquem 
& Piette, D. giganteum, Phillips, D. liassicum, Moore, D. limatulum, 
Tate, D. minimum, Strickland, and D. tenwe, Portlock : D. gracile, 
Moore, D. compressum, VOrbigny, and D. trigonale, Moore, being 
regarded as synonyms of D. elonyatum, and D. Portlorki, Tate, of 
D. etalense. The new species made in this paper are Dentaliuwm 
acutum, D. hewagonale, D. oblongum, D. parvulum, D. subovatum, 
D. subtrigonale, D. subquadratum, and D. Terquemi. Moore’s D, tri- 
yonale is found to be a valid species; but D. tenue, Portlock, and 


1 There are no examples of Dentalia, either in the Worcester Museum, or in 
that of the Royal Agricultural College at Cirencester. 
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D. Portlocki, Tate, are probably synonymous with D. minimum, 
Strickland- Buckman. Probably Dentalium jfilicauda  opalina, 
Quenstedt, will ultimately be found to be distinct from D. elongatum ; 
if so, the Liassic species of Dentalia will be seventeen in number, 
and this without taking into consideration the question as to whether 
certain varieties of Dentalium parvulum and D. elongatum are 
sufficiently distinct to rank as species. 


DeEnTALIUM AcUTUM, sp. nov. (Pl. XLV, figs. 10 & 11 a-d.) 


Type-locality (Z.L.)..—Railway-cutting, ‘Dixton West,’ near Gotherington, near 


Cheltenham. 
Horizon (H.).—Pliensbachian. 
Hemera (n).—striati. 
Collection (Colim.).—L. Richardson. 


Diagnosis.—Shell small, curved, with extremely-fine transverse 
linese (visible only with the aid of a lens) ; section circular or slightly 
elliptical ; posterior end noticeably acuminate, with a diameter of 
0-25 mm., and having (for the length of the shell, 3 to 6 mm.) a broad 
anterior end—the diameter being three times as great as that of the 
posterior end. Length of holotype =3'9 millimetres. 

Remarks.—On a tablet in the Sedgwick Museum, Cambridge, are 
ten fossils from the ‘ Lower Lias, Worcestershire, H. E. 8 [trickland].’ 
One of these is a Ditrupa, another D. cf. elongatum, Minster, and 
the remainder probably D. acutum. Four of the specimens referred 
to Dentalium acutum are represented (twice natural size) by figs. lla, 
b,c,&d, Pl. XLV. Certainly the specimens represented by figs. 11 a 
& 6 belong to this species; and (although I am not absolutely 
sure) most probably those represented by 11 ¢&d do also. Some 
weeks after the above were examined, I collected from the clay 
exposed in a railway-cutting near Gotherington, three examples of 
a form precisely similar to the predominant type in the series collected 
by Strickland. 

Dentalium parvulum, described on p. 585, is the most closely- 
related form, but is usually double the length of the present species, 
attenuates more regularly, and even in the ephebic stage does not 
show the markedly-acuminate posterior end. Dentalium minimum 
(p. 582) is much more slender, more erect, and cannot be confused 
with D. acutum. 


DenraLium aNeuLAtum, Buckman. 
T.d. 1844. James Buckman, Murchison’s ‘ Outline of the Geology of Cheltenham” 


new ed. p. 101. 
T.f. None. 


? The letters in parentheses are the abbreviations which will be employed 
in this paper ; and, for fuller information concerning the use of these and others, 
the reader is referred to Mr. S. S. Buckman’s papers in ‘Science’ n.s. vol. xxi 
(1905) pp. 899-901, and Ann. & Mag. Nat. Hist. ser. 7, vol. xvi (1905) p. 102. 
It has been suggested to me that the abbreviation for ‘ Collection,’ namely Colli., 
is preferable to Co/l., since the latter might mean ‘ collected by.’ 
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7.1. ‘ Alderton, Dumbleton, and Stanway Hills [Gloucestershire ].’ 
H. *Vias Marlstone.’ | Pliensbachian. | 
». (spinati or margaritati, probably the former. | 
Colin. | Not known. | 
Non 1875. D. angulatum, R. Tate, Quart. Journ. Geol. Soc. vol. xxxi, p. 508. 
Nee 1877. D.angulatum, T. Beesley, Proc. Warwickshire Nat. & Arch. F.C. p. 16. 


Protolog.—‘ Shell obtusely quadrangular, slightly curved, some- 
what rugose, with transverse lines, about 1? inch in length.’ 

Remarks.—Not one of the proterotypes can be found. I 
cannot help feeling a little sceptical as to whether the fossil has 
been correctly diagnosed ; but, supposing that it has been, it is impos- 
sible to refer to this species, as Ralph Tate has done, the little shell 
from the striatum-beds. 


Denvatrum ELonGatoum, Miinster. (Pl. XLV, figs. 17 & 18.) 


T.d. 1841. Minster (in Goldfuss), ‘ Petrefacta Germanix’ pt. ili, p. 2. 
T.f. Lbid., pl. elxvi, fig. 5: 
Guys Bane ; 
H. ‘¥ formatione Lias dicta.’ [Pliensbachian ?] 
q. 
Colin, 


Dentalium elongatum, Oppel, 1856-58, ‘Die Juraformation’ p. 390; Terquem & 
Piette, 1865, ‘ Le Lias Inférieur de I’ Est de la France’ Mém. Soc. Géol. France, 
ser. 2, vol. viii, p. 67; Giebel, 1866, ‘ Repertorium zu Goldfuss’ Petrefakten 
Deutschlands ’ p. 88; Dumortier, 1869, Etudes Paléont. &c. pt. ii, ‘ Lias Moyen,’ 
p. 836; R. Tate, 1870, Quart. Journ. Geol. Soc. vol. xxvi, p. 898; (D. gracile, 
Moore), R. Tate, 1875, ibid. vol. xxxi, p.504; R.' Tate, 1876, ‘The Yorkshire Lias’ 
p. 332 & pl. ix, fig. 28; T. Beesley, 1877, Proc. Geol. Assoc. vol. v, p. 183; E. A. 
Walford, 1879, Proc. Warwickshire Nat. & Arch. F.C. p, 21 (¢ Fish-bed’); 
Wright, 1879, ‘ Monogr. Lias Ammonites Brit. Isles’ Pal. Soc. pp. 69, 107; 
Slatter (in Wright) 1882, ibid. p. 375; Richardson, 1904, ‘ Handbook to the 
Geology of Cheltenham’ p. 219 & pl. xiv, fig. 7. 


Syn. 1836. Dentaliwm cylindricum, F. A. Romer [ non Sowerby], ‘Die Ver- 
steinerungen des Norddeutschen Oolithen-gebirges’ p. 134. 
? 1852. D. filicauda, Quenstedt, ‘Handbuch der Petrefaktenkunde’ p, 443 & 
pl. xxxv, fig. 18. 
? 1858. D. filicauda opalina, Quenstedt, ‘ Der Jura’ p. 328 & pl. xliv, fig. 16. 
1864. D. filicauda, Seebach, ‘ Der Hannoversche Jura’ p. 131. 
1865. D. elongatum=filicauda, Brauns, ‘ Die Stratigraphie & Paliontographie 
des stidéstlichen Theiles der Hilsmulde, &c.’ Paleeontographica, vol. xiii, 
p- 113. 
1867. D. gracile, Moore, Proc. Somerset Arch. & Nat. Hist. Soc. vol. xiii, 
p. 202 & pl. v, fig. 23; see also p. 161. : 
1877. D. gracile, Smithe, Proc. Cotteswold Nat. F.C. vol. vi, p. 372. 
1877. D. gracile, Slatter (in Beesley), Proc. Geol. Assoc. vol. v, p. 183. 
1879. D. gracile (D. elongatum, Minster), Walford, Proc. Warwickshire Nat. 
& Arch. F. C. p. 18 (acuti hemera). 
1904, Dentaliwn sp., Richardson, ‘Handbook to the Geology of Cheltenham ’ 
p. 219. 


Protolog.—‘ Dentalium testa crassiuscula tereti gracili subarcnata 
leevi.—K montibus Bambergicis. M.M.’ 

Remarks.—This common Dentalium has the most extensive 
range in time of all the Liassic species. From Dentalium etalense it 
differs mainly in the degree of curvature: D. etalense being regularly 
curved from end to end, whereas D. elongatum is usually the most 
strongly curved in the posterior part and nearly straight in the anterior. 
The smooth Dentalia are very difficult to identify, and matters are 
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complicated by the fact that, associated with indubitable specimens 
of the species under consideration, are forms differing therefrom 
either in being very much more erect, or in being very consider- 
ably thinner but equally straight. It does not seem desirable to 
separate these forms, at any rate for the present, and provisionally 
they may be regarded as varieties, and D. elongatum as the collective 
species. 

Moore, however, named the form which was erect and of about the 
same size as Dentalium elongatum, D. gracile; and it may possibly be 
convenient to record such specimens under this name. In) PID XGiVe 
fig. 19 a, will be found a figure of Moore’s holotype. The specimen 
came from the armatum-beds of Camerton, and is now preserved 
in the Bath Museum. Fig. 19 shows the same enlarged, and 19¢ 
is a transverse section of the anterior end. Fig. 18 represents a 
specimen referable to Moore’s ‘ species,’ obtained from the a7matwm- 
zone exposed in the approach-cutting to the Hunting-Butts tunnel 
(G.W.R.), near Cheltenham. 

The very slender erect form has been noticed at several localities, 
and is possibly the forerunner of Dentalium filicauda opalina, . 
Quenstedt. It is a little doubtful whether Quenstedt’s species 
should be associated with Dentalium elongatum, Miinster. He said 
that it was smooth and similarly constructed ; but remarked that 
‘at the top the tube narrows to the thinness of a human hair’; 
and continued, 


‘the Dentalia in Lias « pag. 55 do not become so thin as this, although they 
have just the same appearance. This genus plays an important part for the 
first time in the opadinus-nodules, and continues with the same species up to 


Beta. (‘Der Jura’ p. 329.) 


This extreme tenuity is not one of the characteristics of Dentaliwm 
elongatum, Miinster, and most probably Quenstedt’s form is distinct 
therefrom. 

The shell which Oppel identified with D. eclongatum came from 
deposits between the zones of Ammonites torulosus and A. opalinus, 
and along with D. jilicauda opalina, Quenstedt, can only be pro- 
visionally associated with Miinster’s species. Dentalium Parkinson, 
Quenstedt, from the Middle Lias (his Lias 3), is probably the same 
as D. elongatum. 

In the zone of Belemnites acutus at Renwez, Etales, and Aiglemont, 
‘Terquem & Piette found D. elongatum very abundant, and attaining 
a length of from 30 to 40 millimetres. 

Dumortier’s specimens from the Infra-Lias, which he referred to 
this species, are most probably Dentaliwm etalense, Terq. & Piette ; 
but those from the margaritatus-beds of Mont Ceindre are doubtless 
correctly named. 

Ralph Tate recorded this scaphopod from the margaritatus-, 
spmatus-, annulatus-, and jurensis-beds of Yorkshire. The fragment 
which he figured is preserved in the Museum of Practical Geology 
[7997], and shows well the fine ‘ concentric striae.’ 

I have examined species of Dentalium clongatum from the beds 
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and localities mentioned in the appended list, the dates of the various 
deposits being stated in hemeral terms :— 


spinati, Alderton Hill, Gloucestershire ; margaritati, Lightpill clay-pit, 
Stroud ; capricornus, Robins’ Wood Hill, near Gloucester, Pilford (or Pilley) 
clay-pit, Cheltenham ; s¢riati, Battledown clay-pit (Messrs. Webb Bros.), 
Cheltenham, & railway-cutting, ‘ Dixton West,’ Gotherington, near Cheltenham 
(very slender and erect form); Valdani (about), Leckhampton, Cheltenham 
(H. B. Holl Colln., Nat. Hist. Mus.)'!; Va/dani, Leckhampton Station clay-pit, 
Cheltenham,’ railway-cuttings near Didbrook & Hailes (near Cheltenham) ; 
Jamesoni, Tyning’s Quarry, Radstock, armati-Jamesoni,? railway-cutting, 
Toddington (near Cheltenham), armati (& Jamesoni?),* railway-cutting, Aston 
Magna, near Moreton-in-the-Marsh (Slatter Colln., Nat. Hist. Mus.; and 
specimens collected by G. EH. Gavey and deposited in the Sedgwick Museum, 
Cambridge) ; Jamesoni (probably), Bishop’s-Cleeve Station, near Cheltenham ; 
armati, Aston Magna clay-pit, Folly-Lane clay-pit, Cheltenham, approach to 
Hunting-Butts tunnel (southern end), near Cheltenham (Pl. XLV, fig. 18), 
railway-cutting under St. George’s Road, Cheltenham; oxrynoti-armati, railway- 
cutting near Stanton-Fields Farm, Stanton (Glos.), Gasworks, Gloucester ° ; 
stellaris (or oaynoti-armati ’),° Bredon [railway-cutting ?], Worcestershire 
(Strickland Colln., Sedgwick Museum, Cambridge); Twrneri, Honeybourne 
clay-pit, near Evesham (very slender, erect variety: Slatter Colln., Nat. Hist. 
Mus.) ; Birchi, well-excavation, Down Hatherley, near Cheltenham ; [Birchi], 
Shekel’s brickyard, Pebworth, near Honeybourne7 (R. F, Tomes Colln., Nat. 


', 2 The clay-pits where Holl collected his specimens were no doubt those to 
which Ralph Tate referred as the ‘ Leckhampton Road clay-pits, Cheltenham.’ 
Tate published his paper ‘On the Palwontology of the Junction-Beds of the 
Lower & Middle Lias in Gloucestershire’ in the Quarterly Journal of the Geolo- 
gical Society for 1870, and wrote :—‘ At Cheltenham the zone of Aminonites 
Jamesoni is exposed in the clay-pits by the Leckhampton Road...’ (op. cit. 
p- 396). Mr. J. W. Gray, F.G.S., tells me that between 1866 and 1876 the 
principal clay-pits near the Leckhampton Road were situated in the immediate 
neighbourhood of the present Leckhampton Station. There were two pits here 
adjoining: the one nearest the Leckhampton Road being called ‘ Winning’s 
pit,’ and the other ‘ Thackwell’s.’ The latter was by far the more important of 
the two, and is the one to which I have referred in this paper as the ‘ Leck- 
hampton-Station clay-pit.’ When the Great Western Railway was constructed 
advantage was taken of the position of the pits, and the line of railway was taken 
through them. ‘The present pit is in the )’a/danz-beds, but some of the fossils 
collected by Mr. Gray corroborate Tate’s statement that deposits higher than 
his Jamesoni-zone, namely the Henleyi-(or striatwm-) beds, wereexposed. In the 
clays of Thackwell’s Pit Mr. Gray noticed the skeleton of a fine /ehthyosaurus. 

* The greater bulk of the clay exposed in this cutting was of armati hemera, 
but above came a thin zone, crowded with species of Zeilleria, Rhynchonella, 
and gasteropods, which is most probably of Jamesoni date. 

4 Gayey recorded in his list of fossils from here, definitely, only Ammonites 
armatus; but several authors have described fossils from the same locality as 
coming from the Jamesoni-beds. The clay-banks of the cutting are now covered 
with grass, but it seems to have been in a deposit similar to that exposed at 
Toddington. 

> The fossils from the gas-works at Gloucester were obtained from clay 
(containing ammonites indicative of a deposit made during orynoti, raricostati, 
and armati hemers) dug out to allow for the laying of the foundations of a 
gas-holder. : eee 

6 he clay seen in the side of the cutting by the goods-siding is of stellaris 
hemera ; but Strickland found ammonites indicative of later hemerz, farther up 
the line to the north, in the direction of Eckington. 

7 Mr. E. Talbot Paris, who visited the locality at my request, found the pit 
quite overgrown. 
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Hist. Mus.), [Birchi ?] Besford [clay-pit near], Worcestershire ' (Slatter Colln.., 
Nat. Hist. Mus.) ; ro¢iformis, Bengeworth clay-pit, Evesham ; [rotiformis ?), 
Aldington Leys, near Eyesbam (Slatter Colln., Nat. Hist. Mus.) ; [armoree], 
Island Magee (Tate Colln., Mus. Practical Geology, Jermyn Street). 


Denratium pratense, Terquem & Piette. (Pl. XLV, figs. 14 & 
15 a-b.) 


T.d. 1865. ‘Le Lias Inférieur de ’Est de la France’ Mém. Soc. Géol. France, 
ser. 2, vol. vill, p. 67. 
Tf, Ibid. pi. ii, fig. 43. 
T.l. Saint-Menge. 4 
H. ‘Calcaire a A. angulatus.’ —{Hettangian. | 
7. [{marmoree. | 
Collin. 


Dentalium etalense, Brauns, 1871, ‘Der Untere Jura’ pp. 288-89 ; Tate, pars, 1876, 
‘The Yorkshire Lias’ p. 332 & pl. iy, fig. 18; Richardson, 1905, Quart. Journ. 
Geol. Soc. vol. lxi, p. 394. 


Syn. ? 1858. Dentaliwm, Quenstedt, ‘ Der Jura’ pp. 55-56 & pl. v, fig. 14 (8); 
also p. 60 & pl. vi, fig. 8. 
1864. D. elongatum, Dumortier, ‘Etudes Paléont. &c.’ pt. i, ‘ Infra-Lias’ 
pp. 148-44. 
1870. D. cf. Andleri, Emerson, ‘Die Liasmulde von Markoldendorf bei 
Einbeck’ Zeitschr. d. Deutsch. geo]. Gesellsch. vol. xxii, p. 309. 

Remarks.—Terquem & Piette state that the length of their 
species is 24 millimetres, and the breadth 2; that it differs from 
Dentalium elongatum in being more slender, more curved, and by the 
absence of transverse line; and from D. compressum, @Orbigny, 
by measuring twice the length and having a much thicker test. The 
holotype came from the angulata-beds of Saint-Menge, but it is very 
rare there. On Pl. XLV will be found a copy of the protograph, 
and also (fig. 15) a representation of a specimen from the angulata- 
beds of Stout’s Hill, near Bitton (near Bath), preserved in the 
Moore Collection at Bath.’ 

With Dentalium etalense, Brauns identified a number of specimens 
from several horizons. He regarded Dentaliwm compressum, Terquem, 
as being synonymous with this species (see p. 588); he was certain 
that this was the case with D. cf. Andleri, Emerson; but was not 
sure that he was correct in associating Oppel’s D. Andleri with the 
same. Tate thought that Oppel’s species was the same as his 
Dentaltum Portlock. 

In 1876, Tate came to regard his species Dentalium Portlocki as 
synonymous with D. etalense, Terg. & Piette. Probably most, if not 
all, of the Yorkshire specimens recorded under this name by Tate do 
really belong to Terquem & Piette’s species, because they are all 
angulata- and Bucklandi-zone fossils; but the Irish specimens, and 
some recorded by him from other places as well, are Dentalium 
minimum. The largest Yorkshire example as yet obtained measures 


* This clay-pit is also abandoned, and nearly overgrown. The only pit now 
open in the neighbourhood of Pershore is that west of Pigeon House, Drake’s 
Broughton, that at the Atlas Works at Pershore Station being likewise 
disused. See Mem. Geol. Sury. ‘ The Jurassic Rocks of Britain’ vol. iii (1893) 
‘The Lias’ pp. 148, 149. 

* Proc, Bath Nat. Hist. & Antiq. F. C. vol. vii (1892-93) p. 286. 
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1:2 inches in length. It is the one figured in ‘ The Yorkshire Lias’ 
(pl. ix, fig. 13), and is now at the Museum of Practical Geology, 
Jermyn Street [7998]. It shows well the characteristic features of 
the species, and is an angulata-bed fossil, occurring in dark shale 
with many shell-fragments. Dentaliwin etalense certainly attains its 
maxinum in the anyulata-beds and rarely occurs above or below. 


Denvatium ciganreumM, Phillips. (Pl. XLV, figs. 16a-16) & text- 
tig. 1, p. 580.) 
T.d. 1876. Tate, ‘The Yorkshire Lias’ p. 331. 
Tf. 1829. Phillips, ‘ The Geology of the Yorkshire Coast’ pl. xiv, fig. 8. 
T.l. Robin Hood’s Bay (Yorkshire). 
H. ‘Middle Lias.’ [Pliensbachian. | 
n. [margaritati. | 
Collin. York Museum. 
Dentalium giganteum, Morris, 1843, ‘ A Catalogue of British Fossils’ Ist ed., 
p. 143; Gavey, 1853, Quart. Journ. Geol. Soc. yol. ix, p. 34; Oppel, 1856, 
‘Die Juraformation Englands, Frankreichs & des stidwestlichen Deutschlands’ 
p. 178; Wright, 1858, Quart. Journ. Geol. Soc. vol. xiv, p. 26; ? Terquem & 
Piette, pars, 1865, ‘Le Lias Inférieur de ’Est de la France’ Mém. Soc. 
Géol. France, ser. 2, vol. viii, pp. 67-68; Tate, 1876, ‘The Yorkshire Lias’ 
pp. 331-332 & pl. ix, fig. 10; Beesley, 1877, Proc. Geol. Assoc. vol. v, p. 183. 
Syn. 1822. Dentaliwm entalis, Young & Bird, ‘ Geological Survey of the Yorkshire 
Coast’ p. 244 & pl. xi, fig. 13. 
1828. Ibid. 2nd ed. p. 250 & pl. xi, fig. 20. 
1854. D. entale, Morris, ‘Catalogue of Brit. Fossils’ 2nd ed. p. 246. 
Non 1904. D. giganteum, Richardson, ‘ Handbook to the Geology of Cheltenham’ 
p. 219. 


Diagnosis.—Shell distinguished by its great length, being often 
3 inches long and a quarter of an inch in diameter at the aperture, 
slightly curved, thick, smooth, cylindrical, but somewhat quad- 
rangular, and slightly sulcated towards the apex. 

Remarks.—This well-known Yorkshire fossil was first figured 
by Young & Bird, and described by them as ‘ belonging to the species 
D, entalis, or one nearly the same,’ but not being Linzé’s species was 
ficured by Phillips as Dentaliwm giganteum. His figure, however, 
is not at all satisfactory, though a good one was :urnished by Tate & 
Blake in their ‘ Yorkshire Lias,’ and a copy of this is given on 
Pl. XLV, fig. 16a, with the addition of a transverse section (fig. 16), 
The transverse section is sometimes circular, sometimes quadrangular. 
Tate (op. cit. p. 832) remarked that 
‘the species was gregarious in what is now called Cleveland; myriads of them 
may be seen covering the upper surfaces of some of the sandstones situated near 
to the base of the Zone of Ammonites margaritatus at Hawsker, Staithes, Rock- 
cliff, Hummersea, Hunteliff, and Coatham Scars, on the coast, and inland at 


Hutton, near Guisboro’, and in Danbydale. It is found on the same horizon 
in Lorraine and in North Germany.’ 


No description of the species was furnished by Phillips. The 
diagnosis here given was taken from Tate’s in ‘The Yorkshire 
Lias,’ some slight alterations being made. 

In the Geological Society’s Museum at Burlington House there is 
a piece of rock containing a number of worn fragments embedded 
in a brown and grey earthy limestone (of margaritat? hemera 
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presumably), and bearing the legend ‘ Dentalium gigunteum, Phill., 
Middle Lias, Huntcliff, Yorkshire. R. Murchison, Esq., F.G.S.’ 
[4338 ]. 

In the Moore Collection at Bath are several fine specimens in rock 
(margaritati hemera) from the ‘ Middle Lias, Cleveland, York- 
shire.’ These specimens are shown in the appended text-figure 1. In 
the memoir on ‘ The Lias of England & Wales (Yorkshire excepted),’ 
published by the Geological Survey (1893, p. 352), Dentaiium 
giganteum is noted from Somerset, Gloucestershire, Warwickshire, 
and Yorkshire ; from the first-named county presumably on Moore’s 


Fig. 1.—Dentalium giganteum, Phillips. (Natural size.) 


{From the Moore Collection, Bath Museum. Photographed by 
Major E, F, Becher. ] 


authority. The record from the Middle Lias of Camerton requires 
confirmation, for although Moore stated that it was there associated 
with D. gracile, Moore,’ he does not mention it in his list of fossils 
from the ‘ Middle Lias of the Camerton and Radstock Districts’ on 
page 161 of that essay; neither does Tate mention its occurrence 
in his paper on the same district.” The record of this Dentalium 
from the Marlstone of Ilminster is probably correct. Mr. T. Beesley 
has recorded it from the capricornus- and margaritatus-beds of the 
Chipping-Norton railway-tunnel. 

Some better-preserved fragments of the fossil, thought to be the 
infilling of the tube of D. giganteum, Phillips, from the capricornus- 
zone of Robins’ Wood Hill, near Gloucester, and entered under that 
name in my ‘ Handbook to the Geology of Cheltenham’ 1904, p. 219, 
suggest that they probably filled in the cylindrical cavity of some 
large tubicolous annelid; but, until more material has been obtained 
this must remain an open question. a 

Those specimens of Terquem & Piette’s Dentalium giganteum, 
which are ungulata-bed fossils, will be found discussed as Dentalium 
Lerquemt on p. 589; while those from the Plicatula-spinosa Zone 


' Proc. Somerset Arch, & Nat. Hist. Soc, vol. xiii (1865-67) p. 202. 
* Quart. Journ. Geol, Soe. vol, xxxi (1875) p. 504. 
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are provisionally regarded as correctly identified with D. giganteum 
Phillips. 

Except in Yorkshire, this secaphopod does not appear to be at all 
common ; indeed, I have examined specimens only from that county. 
Dentalium gigantewn, I think, lived only during the marguaritati 
hemera. 


> 


DENTALIUM HEXAGONALE, sp. nov. (Pl. XLV, figs. 1 alc.) 


T.l. Gasworks, Gloucester. 
H, Sinemurian-Phensbachian. 
9. [oxynoti-armati. | 
Coll. L. Richardson. 


Diagnosis.—Shell small, curved; transverse section circular 
interiorly, hexagonal exteriorly ; surface-ornamentation consisting 
of numerous, closely-set, regular, fine transverse lines. Dorsal side 
broad, very slightly convex towards the anterior end. The sides 
converge towards the ventral surface, but while slightly inflated 
near their junction with the dorsal side, give rise to sharp angular 
keels at their junction with the ventral side, which also becomes 
slightly convex near the anterior end. 

Remarks.—The transverse section of this scaphopod is the 
characteristic feature, and easily distinguishes it from all other 
Liassic forms. In the gerontic stage, however, the section of the 
anterior end is very similar to that of D. subtrigonale in the same 
stage ; but the hexagonal form is otherwise a very constant character. 
The records are :—armati-Jamesoni, railway-cutting, Toddington, 
near Winchcomb (near Cheltenham); armate (and Jamesoni?), rail- 
way-cutting, near Aston Magna, near Moreton-in-the-Marsh (Slatter 
Colln., Nat. Hist. Mus., identified by Slatter with D. angulatum, 
J. Buckman) ; oaynott-armati, Gasworks, Gloucester, 


DenraLium Lrassicum, Moore. (Pl. XLV, figs. 6 a-6c.) 


T.d. 1865-67. Proc. Somerset Arch, & Nat. Hist. Soc. vol, xin, p, 202. 
Tf. Ibid. pl. v, fig. 24. ‘ 
7.1. Camerton [near Radstock, Somerset |. 
H. ‘Middle Lias.’ [Pliensbachian. | 
n. [armati. | 
Collw. Moore, Bath Museum. 
Dentatium liassicwm, Tate, 1876, ‘The Yorkshire Lias’ p. 333; Walford, 1879, 
Proc. Warwickshire Nat. & Arch. F.C. p. 18; Thompson, 1888-89, ‘ Middle 
Lias of Northamptonshire’ p. 29. 


Protolog.—‘ Shell slightly incurved and tapering, thick, outer 
surface ornamented with about twenty-four longitudinal ridges at 
rather irregular distances, within which are numerous slightly- 
oblique annular lines of growth ; aperture circular.’ 

Length of holotype (fragment), between 0 & 6 millimetres. ; 

2emarks.—Of this rare Dentaliwm, which is easily distinguished 
from the other Jurassic species by its longitudinal ornament, Charles 
Moore possessed but one specimen, ‘ which has lost its apical 
portion.’ This is the specimen inthe Bath Museum, The ‘ annular 
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lines of growth’ are very faint, but can be detected with the aid of » 
a lens. : 

Judging from the matrix, the holotype came from the armatum- 
zone; but the species has also been recorded from the Upper Lias 
(or Toarcian) of several localities. Mr. J. W. Tutcher, who kindly 
examined for me the collection which the late Edward Wilson kept 
at his private residence, with a view to seeing whether it contained 
any Liassic scaphopods, writes : 

‘There are only three small boxes containing Dentalia, two of which are 
labelled * Dentalium liassicum, U{Lpper] L{ias], Lincoln.” ’ 

Presuming that the Toarcian specimens are correctly named, 
the records of this species are as follows :—Dentalium liassicum, 
Moore, ‘ Middle Lias’ [armatc}, Camerton (Somerset) ; ‘ Zone of 
Am. annulatus, Hob Hill, near Saltburn (Yorkshire); ‘ Transition- 
bed’ [acuti}, Chipping Warden ; ‘ Lower Cephalopoda-Bed,’ Upper 
Lias [ faleiferc], Northamptonshire ; ‘ Upper Lias,’ Lincoln. 


Dentalium LiwatuLuM, Tate. (Text-fig. 2.) 


T.d. 1870. Tate, Quart. Journ. Geol. Soc. vol. xxvi, p. 402. 
Tf. Ibid. pl. xxvi, fig. 1. [But not the transverse section; for that see the 
appended text-tigure. | 
T.1. Cloverly (Shropshire). 
H. ‘Zone of Belemnites acutus. ; 
Colln. K. 1. Murchison, Geological Society, Burlington House [No. 444.1% | 2 


Fig. 2. — Sketch of Protolog.—‘ Shell small, moderately 
transverse section of thick, obtusely triangular, slightly curved, 
the anterior end of ornamented with numerous, closely-set, 
Dentalium limatu- regular, slightly-oblique and acute coste 
lum, Yate, to show [that is, transverse lines]. Dimension : 
the flat latero-dorsal length (teste Tate)=0°5 inch,’ 
portion of the test. Remarks, — Unfortunately, only a 

fragment of the holotype, 3 millimetres 

in length, is preserved. A sketch of the 
transverse section of this is appended 

(fig. 2), but it will be seen to differ 

[Magnified about materially from Tate’s. The flattening of 

6 diameters. ] the left-hand side in the half adjoining the 
dorsal side is not due to crushing, as can 

be seen from the structure of the shell and the regular circularity 
of the aperture. The specimen is unique, but not abnormal, and 
is distinct from those forms found in the Lower Lias of Redcar 

which Tate associated with it (see p. 587). 


Denrarrum Mintuom, Strickland-Buckman. (Pl. XLV, figs. 13a-138¢.) 


T.d. 1844. J. Buckman, in Murchison’s ‘Outline of the Geology of Cheltenham’ 
new ed. p. 101. 
Tf. None. 


‘ This holotype was omitted from the ‘ List of Types & Figured Specimens 
in the Collection of the Geological Society of London’ by ©. D. Sherborn & 
J. F, Blake (London, 1902), 
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T.l. Cracombe.’ [Craycombe, near Evesham. | 
HI. Lower Lias. _[ Hettangian. | 
4. [marmoree. | 


Colin. H. E. Strickland. [Cannot be found. | 
Dentalium minimum, Tate, pars, 1863-64, Quart. Journ. Geol. Soe. vol. xx, p.111. 


Syn. 1843. Dentalium tenue, Portlock, ‘Report on the Geology of Londonderry, &c.’ 
p. 118 (non Goldfuss, 1841). 
1856. D. Andleri, Oppel, ‘ Die Juraformation’ p. 93 (probably). 
1867. D. tenue, Tate, Quart. Journ. Geol. Soc. vol. xxiii, p. 311. 
1870. D. Portlocki, Tate, Proc. Belfast Nat. F. C., App. i, p. 17 & pl. i, 
fig. 15. 
? 1876. D. etalense, Tate, pars, ‘The Yorkshire Lias’ p. 332. 

Protolog.— Shell cylindrical, smooth, very minute, slightly 
curved, about a quarter of an inch in length.’ 

Remarks.—this description also represents the main features of 
Dentalium Portlocki, Tate, but it may be added that Tate’s specimen 
tapers regularly from the anterior to the posterior end, has a 
circular section, and measures about 4:5 mm. in length, 0°56 mm. 
across the section of the anterior end, and 0°25 millimetre across 
the posterior end. 

In 1843 Portlock obtained fragments of a small Dentalium, con- 
cerning which he gave the following information :— 


‘ Dentaliwm tenue (Portlock)—Aghanloo, Ballymaglin, and Ballycarton. 
Fragments of this delicate Dentaliwm occur, with Modiola minima, in a fine 
calcareous grit; the longest, 4 of an inch, is about ‘04 of an inch in diameter 
at the largest end, and tapers to a fine point. It is very slightly curved. 
Magilligan, Craig, and Gortmore; hard calcareous grit. (‘Report on the 
Geology of Londonderry, &c.’ p. 118.) 


In the following year James Buckman published the very brief 
description which has already been given (protolog), of an equally- 
small scaphopod procured from beds of about the same age at 
Craycombe, near Evesham, and assigned to the fossil Strickland’s 
manuscript name of Dentaliwm minimum. 

Ralph Tate subsequently pointed out that Dentalium minimum, 
Strickland-Buckman, was identical with Portlock’s D. tenwe.* As, 
however, the specific name D. tenue was preoccupied by a Dentalium 
figured by Goldfuss (to which the specimen under consideration was 
not referable), Tate retained Strickland’s denomination, abandoning 
Portlock’s name. He says :— 

‘D. minimum I have found pretty frequently on the west shore of Island 
Magee, Co. Antrim. TI have also obtained it in great abundance in the 


Lower Lias clay-pits off the Leckhampton Road, Cheltenham. The Irish 
examples are less curyed and elongated and more slender than the Cheltenham 


forms.’ 

For some reason, however, in 1867, Tate revived Portlock’s name 
of D. tenue? for the small shell from the angulata-beds. This can 
be seen from his published work, and presumably at this time he 
also regarded the Cheltenham specimens as belonging to the same 


1 Quart. Journ. Geol. Soe. vol. xx (1864) p. 111. 
2 Tbid. vol. xxiii (1867) p. 311. 


Q.3.G.8. No. 248. ra 
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species, because in the Natural History Museum there is a tablet 
(G. 6394) with this information on the back: 

‘ Dentalium tenue, Portlock. Lower Lias Shales, Leckhampton Road [Chel- 
tenham]. R. TY 

At a later period Tate regarded Dentaliwm tenue and D. minimum 
as distinct. He apparently retained Portlock’s name for the specimens 
from the angulata-beds, and Strickland’s for those from the Jamesoni- 
zone (sic) of Cheltenham.’ The paper in the Quarterly Journal 
was published in March, 1870. In September of the same year 
there appeared, in the Proceedings of the Belfast Naturalists’ 
Field-Club, a communication wherein the name of the angulata-bed 
fossil was changed from Dentaliwm tenue to D. Portlocki. The 
specimen to which this name was applied is in the Museum of 
Practical Geology at Jermyn Street [7999], and there are two other 
examples of what appear to be a similar form in the same collection. 

Thus, at the close of the year 1870, Tate regarded the scaphopod 
from the Jamesoni-zone (sic) of Cheltenham as D. minimum, 
Strickland, and that from the angulata-beds as D. Poritlocki, Tate. 

Whether Tate ever discovered that the true Dentahum mimmum 
from the angulata-beds was distinct from that which he was at this 
time identifying with it from the Jamesoni-zone (sic) of Cheltenham, 
will never be definitely known; but a hint that he did so may be 
gathered from the legend on a tablet in the possession of the 
Geological Society, which reads : 

‘ Dentalium parvulum, Buckman. Middle Lias, Leckhampton Road Olay-Pits, 
Cheltenham. R. Tate, Esq., F.G.S.’ 

When he arrived at this conclusion, namely, that the shell from 
the angulata-beds was distinct from that from the ‘ Jamesoni-zone,’ 
and saw fit to employ for the latter a manuscript name apparently in 
use by James Buckman, it is impossible to say; but that Buckman 
considered the forms distinct is obvious. 

In 1876 Tate considered his species Dentalixwm Portlocki as 
synonymous with D. etalense of Terquem & Piette.* 

I have been unable to discover the whereabouts of any types of 
Dentalium minimum, Strickland-Buckman. There are no specimens 
answering the description of its author in the Sedgwick Museum, 
Cambridge; the Rey. J. B. McClellan, Principal of the Royal 
Agricultural College, Cirencester, writes to me that there are no 
examples of Liassic Dentaliide in the museum of that Institution ; 
and Mr. 8. S. Buckman does not know where the type may be. 

The holotype of Tate’s Dentaliwm Portlocki, however, is preserved 
at the Museum of Practical Geology [7999}. Since no proterotypes 
of Dentalium minimum can be found and no topotypes can be 
obtained, and since D. Portlocki and D, minimum certainly seem 
identical, I have taken for the standard reference Tate’s figure of 
D. Portlock. Thus the holotype of D. Portlocki becomes the neotype 
of D. minimum, Strickland-Buckman. 


* Quart. Journ. Geol. Soe. vol. xxvi (1870) p. 398. 


2 “The Yorkshire Lias’ 1876, p. 332, and specimens in the Museum of 
Practical Geology. 
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DENTALIUM OBLONGUM, sp. nov. (Pl. XLV, figs. 3a-3d.) 


Tl. Railway-cutting (G.W.R.), Dixton West, near Gotherington, near Chel- 
tenham. 
H. Pliensbachian. 
n. striati. 
Colla. L. Richardson. 


Syn. 1875. Dentalium angulatum, Tate (now Buckman), Quart. Journ. Geol. Soc. 
vol. xxxi, p. 508. 
? 1877. D. angulatum, Beesley, Proc. Warwickshire Nat. & Arch, F. C. p. 16. 

Diagnosis.—Shell small, slightly curved, transverse section of 
the anterior end usually oblong exteriorly and interiorly, with acute 
prominent ridges at the junction of the sides with the dorsal margin: 
transverse section of the posterior end quadrangular exteriorly, 
with prominent ridges at the angles, between which are concave 
regions, circular interiorly. The surface-ornamentation consists of 
numerous, closely-set, fine, transverse lines. Length of holotype= 
5°5 millimetres. 

Remarks.—This scaphopod was associated in considerable 
numbers with Dentalium ucutum in the clay exposed in the railway- 
cutting near Gotherington which I have called ‘ Dixton West.’ 
It also occurs not infrequently in the shelly masses of limestone of 
striatt hemera found at the Battledown Brickworks (Messrs. Webb, 
Bros.), Cheltenham. Tate obtained it from the same horizon 
(‘Yellow Lias’) at ‘Hewlett’s Hill, Cheltenham,’ where the 
striatum-beds were formerly well exposed.’ 


Dentatium parvuLtum (J. Buckman, MS8.), sp nov. (Pl. XLV, 
figs. 9a-9 ¢ & 12 a-12 d.) 
7.1. Leckhampton Station clay-pit, Cheltenham. 
FT. Pliensbachian. 
n. Valdani. 
Colln. L. Richardson. 


1 This clay-pit at the Cemetery-Road Brickworks (called on the 6-inch map 
Harp Hill’) is frequently spoken of as ‘Shackel’s Pike” Clay has been 
worked here for over a century. In Buckman & Strickland’s revised edition of 
Murchison’s ‘ Outline of the Geology of Cheltenham’ (Cheltenham, 1844 ; 
London, 1845), many fossils are recorded from the ‘Lfias] S[hale], Yellow 
Lias, Hewlett’s Road,’ and occasionally in the same work this description occurs, 
with the addition of the words ‘ foot of Battledown.’ When Sir Roderick wrote 
his little book in 1834 (and ten years later when Buckman and Strickland 
brought out the above-mentioned revised edition) there was a clay-pit, where 
the chimney-stack of the Battledown Brickworks now stands, known as 
‘Coltham-field.’ The upper portion of the Va/dani and the lower portion of 
the striatwm-beds. would have been the deposit worked there then. Now, 
however, this particular pit is filled in, and the hill is being worked into, and 
increasingly-higher beds are being exposed. At the present time (April, 1906) 
the yellow argillaceous and ferruginous nodules of the s¢riatwm-beds constitute 
the newest deposit seen. On the other hand, at the Cemetery-Road pit they 
have been working down the hillside. The late Prof. J. F. Blake told me that 
he recollected collecting here from the capricormus-zone, and, as can easily be 
gathered from the writings of James Buckman, the ‘Yellow Lias’ (s¢riat) must 
also have been admirably exposed. Now the main excavation at the Cemetery- 
Road pit is in the Valdani-zone, while only occasional tumbled nodules and 
disinterred fossils, indicative of a deposit of s/riati hemera, are seen on the very 


broken ground above. 
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Syn. 1863-64. Dentalium minimum, Tate, pars | the specimens from Cheltenham ], 

Quart. Journ. Geol. Soc. vol. xx, -p. 111. 

1870. D. minimum, Tate, ibid. vol. xxvi, p. 398. 

1877. D. minimum, Beesley, Proc. Geol. Assoc. vol. v, p. 183. 

1877. D. minimum, Beesley, Proc. Warwickshire Nat. & Arch. F. C. p. 16. 

1879. D. minimum, Wright, ‘ Monogr. Lias Amm.’ Pal. Soc. p. 69. 

1882. D. minimum, Slatter (in Wright), ibid. p. 375. 

1904, D. aff. minimum, Richardson, ‘ Handbook to the Geology of Chelten- 
ham’ p. 219. 

Diagnosis.—Shell small, much curved, thin unworn specimens 
usually exhibiting numerous, extremely-fine, closely-set, transverse 
linew ; section circular or elliptical; the shell tapers, especially in 
immature forms, rapidly from the thicker anterior end to a fine 
point. 

Remarks.—To the history of this species recorded when dealing 
with Dentalium minimum (pp. 582-584) it remains to be added 
that, in the collection of the Geological Society of London, are four 
specimens mounted on a tablet bearing the words 


‘Dentalium parvulum, Buckman. Middle Lias, Leckhampton Road Clay-Pits, 
Cheltenham. R. Tate, Esq., F.G.S.’ 


No description of this species has been published, so far as I know, 
nor has any figure appeared. 

I think that there can be very little doubt that James Buckman 
noticed that this form was distinct from Dentalium minimum, and 
employed the manuscript name of D. parvulum for his own con- 
venience; and, when Tate became cognizant of the fact, he agreed 
with Buckman and recognized hisname. At all events, the existence 
of this tablet of specimens is useful, in that it hints at an idea, 
never definitely expressed, that the Cheltenham ‘ D. minimum’ was 
distinct from the angulata-bed fossil of the same name. 

For some time, I was disposed to think that the forms included in 
this paper under the name of Dentalium parvulum represented three 
distinct species. The specimens of this Dentalium from the Valdani- 
beds have a section becoming slightly elliptical at times, but when 
this is the case the major axis of the incipient ellipse runs 
diagonally from (so to speak) the left-hand top part of the section 
to the right-hand bottom part, and the principal thickening of 
the test occurs on the dorsal side. Another slightly-different form 
has typically a noticeable elliptical section, with the minor axis 
connecting the most widely-separated points on the dorsal and 
ventral sides, while the principal thickening is at the other two 
sides, filling in the apices of the ellipse so as to give a circular 
section interiorly. These two forms, however, pass so gradually one 
into the other that it really seems inadvisable to separate them— 
certainly at present. Also, in limestone-beds, the representatives of 
the species under consideration have relatively a much thicker test 
and a perfectly-circular section; but occasionally this character ‘is 
possessed by examples now obtained from clay-deposits, as at 
Honeybourne clay-pit. 

Although these three slightly-different forms are perhaps best 
considered under one specific name at present, it is certainly 
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advisable that the particular form referred to by an author should 
be clearly indicated. Thus Dentalium parvulum proper may be 
understood to embrace those thin-walled shells which have a 
circular to slightly-elliptical transverse section—the commonest 
form ; D. parvulum @ those with an elliptical section ; and D, parvu- 
lum B the thick-walled forms, with a very perfect circular section. 

The specimens mentioned in the subjoined list have all passed 
through my hands, and the majority are in my collection :— 

Denialium parvulum. —margaritatt ? Chipping Norton, Oxfordshire (form 6: 
identified by Slatter with D. minimum, Strickland- Buckman) ; Valdani, 
Leckhampton Road clay-pits, Cheltenham (Holl Colln., Nat. Hist. Mus., ete.) ; 
Battledown Brickworks, Cheltenham; Clay-pit (disused), Hucclecote, near 
Gloucester ; Jamesoni (about), Bishop's Cleeve Station, near Cheltenham ; armati 
(& Jamesoni ’), railway-cutting, Aston Magna, near Moreton-in-the- “Marsh ; 
armati-Jamesont, railway-cutting, Toddington, near Cheltenham; armati, Folly- 
Lane clay-pit, Cheltenham ; oxynoti-ar mati, Gasworks, Gloucester (& form «) ; 
Turneri, Honeybourne clay-pit, near Hyesham (form 8: Slatter Colln., Nat. 
Hist. Mus.) ; rotzformis, Bengeworth clay-pit, Evesham (form «: Nat. Hist. 
Mus.)1; rotiformis? Aldington Leys, near Evesham (form «: Slatter Colln., 
Nat. Hist. Mus.)1; marmoree, clay from pond a quarter of a mile north of 
Bamfurlong, near Cheltenham (form a); Birchi? Besford clay-pit, near Defford, 
Worcestershire (Slatter Colln., Nat. Hist. Mus.).! 


DeENTALIUM suUBOVATUM, sp. nov. (Pl. XLV, fig. 7.) 


T.f. 1876. Tate, ‘The Yorkshire Lias’ pl. x, fig. 18. 
T.l. Redcar [Y orkshire }. 
a ‘Lower Lias’ (4. angulatus-zone). 
). [marmoree. | 
Coltn. Tate, Museum of Practical Geology, Jermyn Street. 


Syn. 1855. Dentaliwm compressum, Terquem, ‘ Paléontologie de Hettange’ Mém. 
Soc. Géol. France, ser. 2, vol. v, p. 280. 
1865, D. compressum, Terquem & Piette, pars? ‘ Le Lias Inférieur de l'Est 
de la France’ Mém. Soc. Géol. France, ser. 2, vol. viii, p. 67. 
1876. D. limatulum, Tate, ‘The Yorkshire Lias’ pp. 332-33 & pl. x, fig. 18. 

Diagnosis.—Shell small, slightly curved ; transverse section sub- 
ovate exteriorly, oval interiorly, but becoming more nearly circular 
in specimens which have a flat or very slightly-convex dorsal side ; 
surface-ornamentation consisting of fine transverse lineze. 

Remarks.—The specimens from the Lower Lias of Redcar 
identified by Tate with his Dentalium limatulum from the ‘ Zone of 
Belemnites acutus,’ Cloverly (Shropshire), do not appear to belong to 
the same species. I have examined what remains of the holotype 
of Dentalium limatulum, Tate (which is deposited in the Geological 
Society’s Museum), and those specimens from Yorkshire, and “find 
that the transverse section of the former is subpentagonal, while 
that of the one chosen from the latter series by Tate for figuring in 
‘The Yorkshire Lias’ is subovate. ‘This feature, however, 1s better 
shown in certain topotypes which are preserved in the Museum of 
Practical Geology, Jermyn Street. 

In those specimens which have a flat or very slightly-convex 
dorsal side the aperture is nearly circular, and in this condition it 
resembles certain forms which belong without doubt to a certain 
stage in the development of Dentaliwm subtrigonale (p. 589). Indeed, 


1 These were identified by Slatter as Dentaliwm minimum. 
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it is with this stage of D. subtrigonale that the present species has 
the greatest affinity. D. swbovatum, however, is from a deposit of 
marmorece-Birchi (7) date, and is a very much smaller species than 
D. subtrigonale—an armatum-zone fossil. The former has a sub- 
ovate transverse section, and, from the few specimens which it has 
been possible to examine, this seems a fairly-constant character: the 
exception being, as already stated, when the dorsal side is flattened. 
In D. subtrigonale the section is triangular, with a blunt and 
noticeable ventral carina in the neanic stage. 

The specimen figured as Dentalium limatulum by Tate in ‘ The 
Yorkshire Lias’ is between 9 and 10 millimetres in length: the 
diameter of the anterior end measuring slightly over 1 mm., and 
that of the posterior end 0°75 mm. The transverse linex, on the 
whole, are much finer than in D. subtrigonale. 

Terquem’s remarks on the species that he dealt with from the ‘grés 
infra-liasique de Hettange,’ which he hesitatingly referred to 
VOrbigny’s Dentalium compressum, were as follows [translation | :— 

‘This shell, found in a erypt of Saricava, is very slender and fragile, strongly 
compressed, shiny, subarcuate, and ornamented with very fine, closely-set striz, 
visible only with a strong lens.—Very rare.’ 

‘Obseryvation.—It is difficult to point out a specific character for shells 
the shape of which presents so little variation ; for this reason we have adopted 
the denomination of M. @Orbigny, although it has been applied to a species 
from the Middle Lias.’ 

From this there can be little doubt that Dentalium compressum, 
Terquem, is referable to the present species. Brauns, however, 
regarded Terquem’s shell as being the same as D. etalense, Terg. & 
Piette. In his notes he comments upon the fact that D. etalense, 
Terq. & Piette, is not compressed, and observes that this charac- 
teristic feature is also wanting in D. compressum, Terquem. But 
it is not: Terquem distinctly says that this fossil is ‘ strongly 
compressed.’ 

With regard to the specimens identified with Dentalium com- 
pressum, @Orbigny, by Terquem & Piette, those from the ‘ caleaire 
a A, bisuleatus [hemera rotiformis ?] de Jamoigne,’ and the ‘ grés 
d A. angulatus de Saint Menge,’ probably belong to D. subovatum ; 
while those from the ‘grés & B. acutus d’Etales et de Maubert,’ 
may belong to D. trigonale, Moore. Brauns would refer these also 
to D. etalense. 


DENTALIUM SUBQUADRATUM, sp. nov. (Pl. XLV. fig. 8.) 


T.f. Transverse section, Pl. XLV, fig. 8. 
7.1. Honeybourne (clay-pit ?), near Evesham. 
HZ, ‘Lower Lias.’ Sinemurian. 
n. Turneri (about). 
Colin. Slatter, Nat. Hist. Mus. (G. 10807). 


Diagnosis.—Shell small, slightly curved, test thin; transverse 
section subquadrate exteriorly and interiorly; surface smooth. 
The posterior portion is more angular than the anterior, in which 
the dorsal margin is slightly broadened. Length=11 millimetres ; 
diameter of anterior end = about ‘5 mm. 


Vol. 62.] LIASSIC DENTALIIDZ. 589 


vemarks.—Only one example of this species, which is well- 
defined, has passed through my hands. 


DENTALIUM SUBTRIGONALE, sp. nov. (PI. XLV, figs. 2a—2d.) 


TF. Pl. XLV, figs. 2a-2 d. 
T.l. Folly-Lane clay-pit, Cheltenham. 
HI, Pliensbachian. 

nn. armati. 


Colin, L. Richardson. 
Syn, 1904, Dentalium aff. limatulum, Richardson, ‘ Handbook to the Geology of 
Cheltenham’ p. 219, but not pl. xv, fig. 2. 

Diagnosis.—Shell small, thick (for its size); transverse section 
subtriangular exteriorly, circular to subobvate interiorly ; dorsal 
sides convex, but becoming flattened to convex towards the anterior 
end in senile specimens, Sides subconvex anteriorly (especially in 
senile forms, as in Pl. XLV, fig. 2 ¢); but flat posteriorly, where 
they usually converge regularly until within a short distance of the 
ventral side, when they are directed vertically to meet that side at 
right angles, thereby giving rise to a prominent carina; the 
surface-ornamentation consists of fine, oblique, transverse lines. 

Remarks.—VDentalium subtrigonale presents three different out- 
lines in transverse section. The majority of the specimens found 
at the Folly-Lane clay-pit, when cut transversely anywhere in the 
posterior half, present the outline shown in Pl. XLV, fig. 26; a 
few when cut anywhere in the anterior half, a more or less trian- 
gular section ; while others (chiefly mature forms) have only a faint 
blunt ventral margin at or near the anterior extremity, and slightly- 
convex lateral and dorsal surfaces (fig. 2c). Some very mature 
forms give an ovate transverse section of the anterior end, and have 
a relatively-thick test with more conspicuous lines. 


Denratium Trrevemt (Tate MS8.), sp. nov. 


Tf. None. 
T.l. Aiglemont. 
H. ‘ Assise i A. angulatus” [Hettangian. } 
n. [marmorce. | 
Collin. 
Syn. 1865. Dentalium giganteuwm, Terquem & Piette, pars (non Phillips), ‘Le 
Lias Inférieur de l'Est de la France’ Mém. Soc. Géol. France, ser. 2 
vol. vill, pp. 67-68. 


Diagnosis.—Shell ornamented with numerous, very fine, 
closely-set line. Diameter of transverse section = at least 2 mill- 


metres. 
Remarks.—Concerning the forms which Terquem & Piette re- 
ferred to Phillips’s species, these authors remarked (translation) :— 


‘We refer to this species some fragments from 8 to 10 millimetres in length 
by 2 in breadth, and ornamented with numerous very fine and closely-set 
stria ; the specimens which we possess from the Middle Lias of the Moselle, 
Plicatula-spinosa zone, are more perfect, have a diameter of 5 millimetres for 
a length of 50, and present the same ornamentation. 

‘Locality: Zone of A. wngulatus of Aiglemont.’ 


In Ralph Tate’s manuscript note-book, which was very kindly 
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given to me by the late Prof. J. F. Blake, the fossils which Terquem 
& Piette identified with Phillips’s Dentalium gigantewm are de- 
scribed as ‘ Dentalium Terquemi, n. sp.’ Tate thought therefore that 
Terquem & Piette’s fossils were wrongly identified, and created 
for their reception the specific name of D. Terqueme. 

As I have not seen the specimens, and since the authors say that 
the ornamentation of the shells from the Plicatula-spinosa and 
angulata-zones is similar, of course I do not seek to argue that the 
specimens from these horizons belong to distinct species ; but this 
certainly seems probable, and it is also possible that while those 
from the Plicatula-spinosa zone have been correctly identified with 
Dentalium giganteum, Phillips, those from the angulata-zone require 
to be distinguished therefrom, and may bear Tate’s suggested name 
of D. Terquemi. This seems to be the most legitimate conclusion, 
until more information is available. 


Deyratrtum TRIGONALE, Moore. (Pl. XLV, figs. 4 a-c & 5 a-5d.) 


7T.d. 1867. Proc. Somerset Arch. & Nat. Hist. Soc. vol. xii, p. 202, 
Tf. Ibid. pl. v, fig. 22. 
7.1. Camerton [near Radstock, Somerset]. 
H. ‘Middle Lias.’ [Pliensbachian.] 
n. Larmati.| 
Collin. Moore, Bath Museum. 


Syn.l 21858. Serpula triedra, Quenstedt, ‘Der Jura’ pp. 200, 329 & pl. xxiv, fig. 55. 
1875. Dentaliwm compressum, Tate, Quart. Journ. Geol. Soc. vol. xxxi, 
1904, Deen aff. limatulwm, Richardson, ‘ Handbook to the Geology of 
Cheltenham’ p. 219 & pl. xv, fig. 2. 
Non 21850, Dentaliwm compressum, VOrbigny, ‘ Prodrome de Paléont.: Liasien ” 
vol. i, no. 135, p. 233. 

Protolog (7.d.).—‘ Shell triangular, thick, sheath-like, elongate, 
smooth, slightly curved, sides flattened, or rather convex, covered 
by numerous very fine annular oblique concentric striz, every 
fourth or fifth of which is slightly raised and increased in thickness ; 
section of the shell somewhat triangular, the base being thick, 
broadest, and with a slight sinus, whilst the opposite or dorsal [s7c] 
margin is obtusely angular or carinated ; aperture elliptical.’ 

Moore’s description mentions, as being possessed by a certain 
form, characters which really belong to two distinct species. The 
sides ‘are flattened, or rather convex,’ he wrote, and ‘the dorsal 
[stc|? margin is obtusely angular or carinated.’ If the sides are 
flattened and the ventral margin carinated, then the form beiongs to 
the species D. subtrigonale: if rather convex, with an obtuse ventral 
margin, to the species D. trigonale. 

Moore possessed three fragments of Dentalium (?) trigonale, which 
he obtained from the Middle Lias of Camerton. From these 
syntypes he restored what he believed to be the shell of Dentaliwm 
() trigonale, but he portrayed a specimen very much more erect than 
the evidence at his disposal warranted. It is probable, however, 


. See also Dentalium suhovatum, p. 587. 
2 Should be ‘ ventral.’ The concave side of the shell is the dorsal. 
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that Moore himself detected and would have rectified this error had 
he and Tate been spared to do so, Attached to the tablet which 
bears the specimens in the Bath Museum are certain lithographs 
representing the true nature of the fragments. I now understand 
that these lithographs were taken from one of a number of plates 
drawn to illustrate a monograph of the ‘ British Liassic Gastero- 
pods,’ by Moore & Tate, for the Palsontographical Society. But 
neither these authors nor Edward Wilson, who had also set 
himself the same task, lived to see its accomplishment. The 
figures of Dentaliwm trigonale, which were to have appeared in 
Moore & Tate’s monograph, are reproduced (by kind permission 
of the late Prof. Blake, in whose possession were the plates referred 
to)in Pl. XLV, figs. 5a—-5d. They leave no doubt as to the specific 
position of the Gloucestor Gasworks forms. 

While it 1s easy to separate the trianguloid types of Dentalia. 
when the actual specimens are available for examination, there is a 
considerable difficulty in dealing with synonymy, and the question 
as to whether Dentalium compressum, d’Orb., is really a Dentalium, 
and the fragmentary condition of the holotype of Dentalium 
limatulum, Tate, do not simplify matters. he results arrived at 
by students of the Dentaliide in this country have been to refer 
any Liassic Dentaliwm with a section suggestive of a triangle to 
either D. imatulum, Tate, or D. convpressum, @Orbigny. By Tate, 
Moore’s species D. trigonale was associated with D. compressum, 
@Orb.; and the authors of the list of fossils in the Geological- 
Survey Memoir on the Lias (p. 352) went further than this: they 
apparently regarded the species D. trigonale, D. compressum, and 
D. gracile, Moore, as all synonymous with D. elongatwm, Munster. 
Very much the same results were obtained on the Continent: all 
specimens with a transverse section approaching the triangular 
were relegated to d’Orbigny’s species—hesitatingly, it is true, by 
some authors. 

The history of the ‘trianguloid’ types of Dentaliwm will be 
found detailed in this section and in those on Dentalium lmatulum, 
D, subovatum, and D, subtrigonale. 

The ventral side is the thickest in Dentalium trigonale, but not 
the broadest of the three as stated by Moore. It is flattened at the 
anterior end for a space of about 2 millimetres therefrom, while 
the remainder is concave. The sides are slightly convex, converging 
to form a subacute or obtuse carina along the ventral margin, which 
is thus not blunt (as is the case with the species D. subtragonale). 
Occasionally the extreme posterior portion becomes somewhat 
carinated (but it is an obtuse carina) and the concavity of the 
ventral portion gives rise to more or less prominent keels where 
that side joins the other two. The relatively-thicker test of the 
shell-fragments from Radstock, when compared with those from 
Gloucester, is easily accounted for by the lesser quantity of lime in 
the water inhabited by the latter: at Gloucester the owynotum- 
armatum-beds are clay-deposits ; while at Radstock the deposit of 
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armati-hemera consists of cream-coloured, slightly ironshot lime- 
stones. 

Moore referred this ‘ curious little shell’ with some doubt to the 
genus Dentalium, but his diagnosis was perfectly correct. 

Quenstedt obtained specimens of the tube of a Dentaliwm, or of 
some tubicolous annelid, which very much resembled it, from the 
margaritatus-beds of Dérlbach, and figured and described it as 
Serpula triedra (‘Der Jura’ pl. xxiv. fig. 55), but admitted that 
the three sides were flat and smooth like those of a Dentaliwm. 
At a later page (329) of the same work he showed his uncertainty 
as to the accuracy of the generic diagnosis, for he wrote: 


‘In the Lias I find very few [Dentalia], perhaps the Serpula triedra pag. 200 
would be better named Dentaliwm on account of its smoothness.’ 


Provisionally this fossil may be regarded as Dentalium tragonale, 
Moore. This was also Tate’s view, as shown by the note-book of 
his in my possession ; but it should be noticed that Quenstedt’s 
fossil is a margaritatus-bed form, more equilateral, and probably 
another species. 

As might be expected from the very brief description of Denta- 
lium compressum given by d’Orbigny—that it is a ‘ species strongly 
compressed, subcarinated, smooth’ '—much difficulty has arisen in 
identifying the form. 

Dentalium compressum, Terquem, is probably the same as my 
D. subovatum (see p. 587): for, as Terquem rightly remarks, 
d@Orbigny’s Dentalium is a Middle Liassic shell, while his came 
from the ‘grés infra-liasique de Hettange,’ and has the same 
range in time as D. subovatum. Terquem, in defence of his 
acceptance of d’Orbigny’s specific name for his fossil, felt it 
necessary to state that it was difficult to point out a specific 
character in a shell belonging to a group subject to so little 
variation. 

In 1869 E. Dumortier*. complained of d’Orbigny’s too brief de- 
scription and wondered whether D. compressum could be the same 
as Moore’s D. trigonale, but he made no other remark. In 1875, 
however, Tate concluded that this was actually the case, and re- 
corded, in his list of fossils from the Radstock Lias, 


‘Dentalium compressum, D’Orb. (D. trigonalis, Moore). Two examples, 
Camerton ; four examples, Radstock, Munger, and Clan Down.’ (Quart. Journ. 
Geol. Soc. vol. xxxi, p. 504.) 


In order to endeavour to solve this problem I communicated 
with M. A. Chenevrier, Assistant Palewontologist at the National 
Museum of Natural History, Paris, who replied [translation ]: 


‘D’Orbigny’s collection contains only a single specimen of this species, 
coming from Chalon-sur-Sadne. Itis a fragment of a calcareous tube, slightly - 


; ‘Prodrome de Paléontologie stratigraphique: Liasien’ 1850, no. 135. 


. ‘ Dépots Jurassiques du Basin du Rhéne’ pt. iii: ‘ Lias Moyen’ June 1869 
p. 160. 
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incurved, smooth exteriorly, of which the total length is 23 mm. ; this fragment 
has been in part broken, and the length of the well-preserved portion does not 
exceed 13mm. ‘The section is elliptical (the greatest dimension of this section, 
in the middle, being 3 mm., and the least dimension 2 mm.). Upon the whole 
it isa poor specimen, scarcely characteristic, of which the interest is in pre- 
senting so aberrant a form for a Dentaliwm.’ 


He adds in a postscript that the compressed form of the tube is 
certainly not due to any mechanical action after fossilization: ‘ the 
tube is intact in the part considered.’ 

From M. Chenevrier’s useful description, one would feel disposed 
to think that D. compressum, d’Orb., is not a Dentaliwm at all, but 
the shell of a tubicolous annelid. 


The plate illustrating this paper has been prepared by Mr. J. W. 
Tutcher, of Bristol, and Mr. G. W. S. Brewer, F.G.8., of Cheltenham, 
for whose invaluable assistance I am deeply grateful; while to 
Major E. F. Becher, of Cheltenham, I am indebted for the 
photograph reproduced in the text on p. 580. 


EXPLANATION OF PLATE XLV. 


Figs. 1a,16, & le. Dentalium hexagonale, sp. nov. (p. 581). 
a=Specimen, X 2; b6=Transverse section, X 4; c=Portion of test 
enlarged. 
Hemerae: oynoti-armati. Locality: Gasworks, Gloucester, 
Colln.: L. Richardson. 
2a, 26,2c, & 2d. Dentalium subtrigonale, sp. nov. (p. 589). 
a=Specimen, X 2; b=Transverse section, posterior end, x 4; 
e=The same, anterior end, x 4; d=Portion of test enlarged. 
Hemera: armati. Locality: Folly-Lane clay-pit, Cheltenbam. 
Colln.: L. Richardson. 
34, 3b, 3¢,&3d. Dentalium oblongum, sp. nov. (p. 585). 
a=Specimen, X 2; b=Portion of test enlarged ; c=Transverse 
section of anterior end, X 4 (about); d=The same, posterior end, 
x 7 (about). 
Hemera: striati. Locality: Railway-cutting, near Cheltenham. 
Colln.: L. Richardson. 
4a, 4b, & 4c, Dentaliwm trigonale, Moore (p. 590). 
a=Specimen, <x 2; 6=Transverse section of the posterior end, x 2 
(a little more) ; c=Portion of test enlarged. 
Hemerae: oxynoti-armati. Locality: Gasworks, Gloucester. 
Colln.: L. Richardson, 
5a, 5b, 5¢, & 5d. Dentalium trigonale, Moore. 
a= View of holotype, x 2 (a little more) ; 5=The same, natural size ; 
c= View of ventral side of holotype, natural size; d= Transverse 
section, natural size. 
Hemera: [armati]. ‘Middle Lias. Locality: Camerton, near 
} Radstock (Somerset). Colln.: Charles Moore, Bath Museum. 
6a, 6b, & 6c. Dentaliwm liassicwm, Moore (p. 581). 
a=View of holotype (slightly enlarged); J=The same, x 4 (about) ; 
c=Transverse section, X 4 (about). 
Hemera: [armati]. Locality: Camerton, near Radstock (Somer- 
: set), Colln.: Charles Moore, Bath Museum. 
Fig. 7. Dentaliwm subovatum, sp. nov. (p. 587). Transverse section, x 6. 
Hemera: [marmoree]. ‘Zone of Ammonites angulatus’ Locality 
Redcar (Yorkshire). Colln.: R. Tate, Museum of Practical 
Geology, Jermyn Street. 
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Fig. 8. Dentalium subquadratum, sp. nov. (p. 588). Transverse section (poste- 
rior end), X 4. 

Hemera: [Turneri about]. Locality: Honeybourne [clay-pit ?, 

near Evesham]. Colln.: Slatter, British Museum, Nat. Hist, 


[G. 10807]. 
Bigs. 9a, 9b, & 9c. Dentalium parvulwm (J. Buckman, MS§.), sp. nov. (p. 585), 
var. a. 
a=Lateral view, X 2; b=Dorsal view, X 2; c=Transverse section, 
x 4. 


Hemera: rotiformis (teste S.S. Buckman). Locality: Clay-pit, 
Bengeworth, Evesham. Colln.: L. Richardson. 
Fig. 10. Dentalium acutum, sp.nov. X 2 (p. 574). 
Hemera: sétriati. Locality: Railway-cutting, ‘Dixton West,’ 
near Gotherington, near Cheltenham. Oolln.: L, Richardson. 
Figs. ll a & b. Dentaliwm acutum, sp. nov., natural size, 
lle &d. Probably the same, x 2. 
Hemera: [striati?]. ‘Lower Lias.’ Locality : ‘ Worcestershire.’ 
Oolln.: H. E. Strickland, Sedgwick Museum, Cambridge. 
12a & 126. Dentalium parvulum, sp. nov. (p. 585). 
a=Specimen, X 2; 6=Transverse section, x 4. 
Hemera: Valdani. Locality: Leckhampton-Road Clay-pits, 
Cheltenham. Colln.: Geological Society of London (type): 
L. Richardson (figured specimen). 
13.4, 130, & 13¢. Dentalium minimum, Strickland-Buckman (p. 582). 
a@=Specimen, X about 3; J=The same, X about 9; c=Transyerse 
section, X about 9. 
Hemera: [marmoree]. Locality: Island Magee. Colln.: Tate, 
Museum of Practical Geology, Jermyn Street. 
Rig. 14. Dentalium etalense, Terquem & Piette (p. 578). From a photograph 
of the type-figure. j 
Hemera: |marmoree}. Jiocality : Saint-Menge, 
Figs. 15a & 156. Dentalium etalense, Terquem & Piette. 
a=Specimen, natural size; )=Transverse section, natural size. 
Hemera: [marmorce]. Locality: Stout’s Hill. Colln.: Moore, 
Bath Museu'n. 
16a &16b. Dentalium gigantewm, Phillips (p. 579). 
a=Specimen, natural size ; )=Transverse section, natural size. 
Hemera: [margaritati|. Locality: Hawsker Cliff. Colln.: 
Tate, Museum of Practical Geology, Jermyn Street [8000]. 
Fig. 17. Dentaliwm elongatum, Minster (p. 573). x 2. 
Hemera: armati. Locality: Folly-Lane clay-pit, Cheltenham. 
Colin. : L. Richardson. 
18. Dentalium elongatum, Munster, var. gracile, Moore. xX 2. 
Hemera: armati. Locality: Hunting-Butts tunnel (G.W.R.), 
Cheltenham. Colln.: L. Richardson. 
Figs. 19 a, 190, & 19¢. Dentalium ‘gracile; Moore (var. of D. elongatum, 
Minster). (P. 576.) 
a=Holotype, natural size; /=The same, x24; c=Transyerse sec- 
tion, X 23. 
Hemera: [armati]. Locality: Camerton. Colin.: Moore, 
Bath Museum. 


Discussion. 


Mr. R. S. Herrras expressed a hope that there would be some 
information in the paper as to the method of occurrence of the 
various forms of Dentalium. He called attention particularly to 
the occurrence of D. giganteum in the Lias of Yorkshire. Enormous 
numbers of this fossil occur in layers of sandstone about the 
junction of the margaritatus and capricornus-zones. These layers 
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are confined within a few feet vertical, but extend from Hunteliff 
to Robin Hood’s Bay, some 25 miles, wherever there is an exposure. 
The form then disappears as suddenly as it came into existence. 

Mr. E. T. Newron remarked on the difficulty of discussing a 
paper of this character, and enquired to what extent the Author 
had referred the Dentaliide to particular zones. 

Prof. Warts, in reply, read a portion of the paper including a 
description of one of the new species of Dentaliwn. 
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28. The Orpovreran Rocks of Western CAERMARTHENSHIRE. 
By Davin Crupiyn Evans, F.G.S. (Read May 9th, 1906.) 


[Pirars XLVI—Matr. | 


CoNnTENTS. 
Page 
pln trod wets Orme Sasson: vaste chances setae el oon eee hears 597 
Ue Goneraly Romar ksee.arentarcmece ae eoacretemeane ataac: weenie canes 598 
III. The Succession and detailed Description of the Rocks ... 602 
HVeOoncludin oe marks an, et.cccantsauserer eaerecaser cee ecnesvee 641 


I. Inrropvcrion. 


Tus little contribution to the geology of Caermarthenshire is 
the result of leisure-work done during some years’ residence in the 
district. 

The ground dealt with is practically identical with that examined 
by the late Thomas Roberts, M.A., whose notes were published in 
the Quarterly Journal of this Society for May 1893 (vol. xlix): 
that is, from the River Cywyn on the east to the Tave on the west, 
and from the base of the Old Red Sandstone on the south to the 
top of the Dicranograptus-Shales on the north—roughly, a rect- 
angular tract of country 11 miles long by 6 miles wide. 


(1) Previous work done.—George Owen, of Henllys, as long 
ago as the year 1595, had given some attention to the economic 
geology of the district, and in a manuscript, an extract from which 
is appended to Richard Fenton’s ‘ Historical Tour through Pembroke- 
shire, refers to certain limestone-bands that occur here, noting, 
by the way, the proximity of limestones to the coal-deposits of 
the country. This inference has, from time to time, led to much 
expenditure of labour and money in a futile search for coal. Levels 
were driven and pits were sunk; but, of course, no coal was found— 
except in the fertile imagination of credulous though well-meaning 
people. 

The district was examined by the officers of the Geological 
Survey in 1842, and the results of their labours are recorded in 
Sheets xli (Map) and 13 (Sections). 

John Phillips, in his Memoir on the Malvern and Abberley 
Hills, records a fairly-long Jist of fossils collected here. The 
graptolitiferous rocks of the district have had the attention of 
Prof. Lapworth ; and the late Thomas Roberts, M.A., of Cam- 
bridge, had proceeded some way with the working-out of the 
ground when his valuable life was cut short, leaving the task 
unfinished. His notes, however, fell into competent hands, and 
were placed on record, as stated above. They have proved of 
great help to me, and may be considered as the basis of this 
humble effort. 
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Between the years 1885 and 1899, I got together a fairly-large 
and representative collection of fossils. The graptolites were 
exhibited at the meeting of the Royal National Kisteddfod held 
at Merthyr T'ydvil in the summer of the latter year; and again, 
a general collection was exbibited at the meeting held at Llanelly 
in 1902. 

A portion of the area is now being surveyed by the officers 
of H.M. Geological Survey—Messrs. T. C. Cantrill, B.Sc., and 
H. H. Thomas, M.A., B.Sc.; with them I have had the pleasure 
of going over much of the ground, and to them I am indebted for 
much kind encouragement and valuable advice. 


(2) References.— 


Ricuarp Frenron. ‘ Historical Tour through Pembrokeshire’ (Appendix 
No. 17) 1811. 4to. London. 

The Geological Survey (1842) Sheets xl & 13. 

R. I. Murcuison. ‘The Silurian System’ 1839. 

H. Macuavcatan. Trans. Geol. Soe. ser. 2, vol. vi (1842) p. 557. 

Joun Puss. ‘The Malvern Hills compared with the Paleozoic 
Districts of Abberley, &c.’ Mem. Geol. Surv. vol. ii, pt. i (1848). 

J. W. Satrer. ‘Monograph of the British Trilobites” Paleeont. Soc. 
1864-1885. 

Tuomas Davinson. ‘Monograph of the British Fossil Brachiopoda’ 
Palzont. Soc. 1851-1886. 

Cnartus Laprworrn. ‘On the Geological Distribution of the Rhabdo- 
phora’ Annals & Mag. of Natural History, ser. 5, vol. iv (1879) 
pp. 333, 423; & vol. v (1880) pp. 45, 278, & 358. 

J. E. Marr & T. Roserts, ‘The Lower Paleozoic Rocks of the 
Neighbourhood of Haverfordwest’ Quart. Journ. Geol. Soe, vol. xli 
(1885) p. 476. 
Tuomas Roserts. ‘Notes on the Geology of the District West of 
Caermarthen’ Quart. Journ, Geol. Soc. vol. xlix (1893) p. 166. 
Miss M. C. Crosrrstp & Miss E.G. Sxnar. ‘On the Geology of the 
Neighbourhood of Caermarthen’ Quart. Journ. Geol. Soc. vol. lii 
(1896) p. 528. 

Miss G. L. Exits & Miss E. M. R. Woop. ‘Monograph of the British 
Graptolites’ Pt. i. Paleeont. Soc. 1901-1902. 


IL. Generat REMARKS. 


(1) Physical Structure.—The dips and the general relation 
and arrangement of the various rocks prove that the area is, in the 
main, a denuded anticlinal fold of considerable extent, with an east- 
and-west axis. The ground has, however, been much complicated 
by inner and minor folds accompanied by a great deal of faulting 
and crushing. There is abundant evidence that the main fold was 
thrown over to the south, and that further complications have been 
brought about by subsequent fractures and thrusts among the 
minor, subsidiary folds, with the result that, in some instances, 
older beds have been brought to the surface and pushed some 
distance over newer ones. Examples of overfolding and thrusting 
are numerous and perplexing, especially when they occur in shales 
of Tetragraptus- and Didymograptus-bifidus age. 
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As a natural outcome of these great closing-up movements, rocks 
that had been deposited over wide areas and under very different 
conditions have been brought together within the comparatively- 
narrow limits of the district under consideration. In other words, 
points that are now within 3 or 4 miles of one another were, 
previous to the movements, four or five times that distance apart. 
Certain beds in the northern limb of the fold are lithologically 
distinct from corresponding beds, that is, beds of the same age, in 
the southern limb; and, what is of greater significance, there is 
considerable difference in the character of the faunas. For instance, 
on the south the Didymograptus-Murchisoni Beds, if at all present, 
are very poorly developed; the Asaphus-tyrannus Beds are highly 
calcareous, and in one instance thickly-bedded limestones; and the 
Bala-Caradoc rocks are well developed, and contain two or three 
strong bands of hmestone. While on the north the D.-Murchisont 
Beds are well-formed and persistent; the Asaphus-tyrannus Beds 
are thin and ashy, with hardly a trace of calcareous matter; and the 
Bala-Caradoc rocks are represented by some blue-black mudstones 
which make but a poor show. On the north, there is also a calcareous 
development in the Dicranograptus-Shales with a rich graptolite- 
fauna—features which are entirely absent on the south. (See 
figs. 1 & 2, p. 600.) 


(2) Faulting.—The majority of the faults, as might be expected, 
are strike-faults, running east and west. Those on the north 
usually hade northward at various angles, many of them being 
thrusts. On the south there are but few thrusts, the majority of the 
faults being normal. ‘There are very few dip-faults, and where they 
occur they are of small extent. 

The rocks forming the core of the anticline are much crushed. 
Especially is that the case along a line traced from near Banc-y-felin 
to Llangynin Church, and thence to Aberddeunant. Near that place, 
the line of disturbance probably splits, forming faults which account 
for the features of the country farther west ; that is, the bringing to 
the surface of older and more gritty beds north of Whitland—these 
latter having also suffered much from folding and faulting. 

There is another line of disturbance running from near Asgood, 
past Blue Boar and Llaindelyn to a point south of Clog-y-fran. This 
disturbance presumably accounts for the disappearance eastward of 
the Woolston and Clog-y-fran ashes. 

The ground round Clég-y-fran and Forest has been much affected 
by faulting. At the former place, strata of Didymograptus-bifidus 
and Asaphus-tyrannus age, and two types of Bala-Caradoe rocks, can 
be studied in the farmyard; and at the latter Bala-Caradoc rocks 
have been sandwiched between two slices of D.-bifidus Beds in one 
locality, and between D.-bifidus beds and Lower Llandovery (?) 
beds in another close by, while the D.-bifidus Beds themselves, 
including the ashes, have been very much cut up. 

The Bala-Caradoc rocks west of Llanddowror have also suffered a 
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great deal, so much so in fact, that only an imperfect idea of the 
actual conditions can be gleaned from what can be represented 
on a l-inch map, 

North of the main axis, a line of extensive disturbance commences 
near Castell-gorfod, and runs slightly north of west, past Penlan 
and Nant-yr-eglwys to Llanboidy, and thence to Llanglydwen, the 
structure of the ground increasing in complexity as it passes 
westward. Some of the ground near Penlan, Nant-yr-eglwys, and 
south of Eglwys-fair-a-churig is very obscure and difficult of 
interpretation. 


(3) Cleavage.—The rocks in the northern limb of the fold are 
more or less affected by cleavage. In the lower beds it is slight, but 
very pronounced in the upper, increasing in intensity as it is traced 
northwards. Thus the Didymograptus-bifidus Beds are only slightly 
affected, the D.-Murchisoni Beds more so, and the Dicranograptus- 
and higher beds so much at some points as to become quite slaty. 

The faulting was anterior to the cleavage, for the latter is quite 
independent of the former. Dips vary a great deal both in 
inclination and in direction, but the cleavage-planes are tolerably 
uniform and constant, running east and west with an inclination of 
about 45° north, or, occasionally, a little east of north. 

On the south there is an almost: complete absence of cleavage ; 
only in one or two localities—in black Dicranograptus-Shales—can 
its occurrence be suspected. 


(4) Igneous Rocks.—North of Llanboidy and extending from 
a point about a quarter of a mile west of Maesgwynne House to 
the Fenni Valley, near Maencoch, there is an intrusion of diabase. 
This ‘dyke’ crosses outcrops of Didynograptus-bifidus Beds, Asaphus- 
tyrannus Beds, and, for some distance, penetrates into Dicranograptus- 
Shales. It also crosses at least one of the main faults, without 
appearing to be in the least displaced by it. In some places, the 
rocks in contact with the dyke show evidence of slight baking, 
but the portion affected is only a few inches thick. 

At Glyntaf House, a mile south of Llanglydwen, are two exposures 
of diabase extending for a short distance east of the Tave, the bed of 
which is here much encumbered by huge masses of the rock. The 
northernmost is seen in section in a railway-cutting near the 
round cottage, as well as in the old quarry behind the cottage itself. 
There it is seen to cut obliquely through cleaved ash of a greyish- 
green colour. ‘he other exposure also abuts on the railway, but 
about a quarter of a mile farther south. This dyke has been 
somewhat extensively quarried immediately west of Glyntaf, but 
seems to die out at no great distance to the east. West of the Tave 
both dykes are much more developed, and seem to be an eastward 
extension of the volcanic rocks of the Prescelly country farther west. 


(5) Contour, etc.—The district is drained by the River Tave 
and its feeders, which haye hollowed out for themselves numerous 


deep valleys and dingles. The general direction of these valleys 
: 272 
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is across the strike, and they have thus cut up the country into a 
series of ridges and hummocky hills, few of which reach an altitude 
of 600 feet. These dip-valleys afford numerous rock-exposures, 
but none too many to enable the geologist to interpret so complex 
a structure with any degree of confidence. 

The peculiar hollow extending west of Caermarthen by way of 
Llanllwch traverses the whole length of the district with a few 
slight variations, falling in with the Tave Valley west of St. Clear’s. 
On the south, the ground rises towards the Old-Red-Sandstone ridge ; 
and on the north it forms a broken upward slope to the high ground, 


which here may be considered as the eastward continuation of the 
Prescelly Hills. 


(6) Drifts.—On the whole, the country is fairly free from 
surface-accumulations, such as Boulder-Clay and other drifts. There 
is some alluvium in the valleys, especially as they approach the sea; 
but in their upper reaches, where they are generally very narrow, 
the quantity is practically negligible. 

In the vicinity of St. Clear’s, some Boulder-Clay and gravel are 
found. A patch of the former near Morfa-bach is in places 
impregnated with ferruginous matter, deposited probably by spring- 
water rising from the underlying pyritous shales. This feature has 
led to much fruitless endeavour to find coal. 

Near Trefanty, Morfa-bach, and Mylet, a considerable quantity 
of sand and gravel occurs. In a pit near the first-named place there 
is a fair sample of oblique and contorted bedding. 

Gravel is also dug on the high ground north-east of Glyntaf, as 


well as near Maesgwynne, and at two or three points in the Gynin 
Valley. 


III. Tan Successton and DEraInED Duscriprion or tun Rooks. 
Tasie I.—T ne Successton 1n THE Norruxrn Lime or ran ANTICLINE. 


Be Caeinoot one eae Brown-grey mudstones, shales, and grits. 


. 


Aa slaty beds, with Dicranograptus. 
Ashy black shales, with lenticular bands of 
limestone, containing Dicranograptus, 


(ee = _ | Leptograptus, ete. 
Der oe Me 4 Black shales and mudstones weathering 
| buff and yellow, containing graptolites 
Teena and trilobites, 


Black shales, with crowds of Diplograptus 

\ and shells. 

Asaphus-tyrannus- ; Ashy beds and sandy flags, with Asaphus 
Beds. tyrannus, etc. 

; Striped gritty flags, with abundance of 

DD Monchisink j LDidymograptus Murchisoni. 


Beds Blue-grey ash, weathering rusty brown. 
: Soft mudstones, with crowds of Didymo- 
LUANVIRN, 4 tg ee Y 
\ graptus Murchisont. 
\ ee | Shales, mudstones, and bands of ash, with 
eds. 


graptolites and trilobites. 


" ’ ‘ Bala-Caradoc’ includes beds of the Shropshire type and Sedgwick’s ‘ Upper 
vay 
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Tasux I. (continued). 


(Blue-black shales and mudstones con- 
/ | _ taining Tetragraptus and trilobites. 
| ee flagey shales, with Ogygia mar- 
ginata, ete. 
Ps : | ue beds, with Dictyograptus and 
etragraptus- endrograptus. 
Beds. 4 Orthis-mudstones. 
| Grits can conglomerates, with Orthis and 
trilobites. 
| ea ashy shales, with local bands of blue 
BM, 
| Blue-black shales, with few fossils. 


ARENIG.....+++0 { 
| 
| 
\ 


Tasie IT.—Tne Succussron 1n tue Sourunrn Lime or tHE ANTICLINE. 


Grey sandstones and flags, with black 
Lownr LuANDOVERY ..........000eeeeeeee mudstone-partings—very few fossils. 
| Grey grit and conglomerate. 
( Slade Bete | Blue-grey mudstones, with bands of 
shelly limestones—usually rotten. 


Blue-grey mudstones, with trilobites 
Redhill Beds. ...... and brachiopods (Zrinucleus seti- 


Bava-Caravoc, 4 Ree ee 
i” Sholeshook Bods. {? renaceous limestones, with many 


fossils. 
Robeston-Wathen nes limestones, with calcareous shale- 
Limestone. partings. 
ie Gee \ Black shales, with graptolites, ete. 
LiANDEILO ...... Asaphus-tyrannus { Black limestones, with Asaphus tyran- 
Limestone. | nus and Ogygia Buchii. 
( D.-Murchisoni  { Black mudstones, with Didymograptus 
| Beds, { Murchisoni (%). 

Luanvirn...... 4 Black shales and mudstones, with bands 
| D.-bifidus Beds. | of ash, and containing Didymograptus 
| bifidus, ete. 

PARENIG) (eesaeo-t 1 Bie es tus- “| ‘asin Table I. 

eds. J 


(a) Arenig Rocks. 


These are the oldest rocks exposed within the area, and occupy a 
belt of ground extending from Banc-y-felin on the east, to Login on 
the west. East of the Fenni Valley the ground is generally low— 
being part of the peculiar hollow referred to on p. 602, but to 
the west the ground is more hilly and broken. This variation is 
accounted for, principally by a difference in the character of the 
deposits. ‘The beds in the lower ground consist almost entirely of 
shales and mudstones, while in the high ground west of the Fenni 
there is a considerable development of grits and conglomerates, 

The shales and mudstones are usually black and iron-stained. 
The staining varies from deep chocolate to iridescent black. 
Concretionary structure is very common; and, on splitting, the 
surfaces of slabs present numerous wavy concentric lines of light 
and dark tints. This characteristic feature is a very useful means 
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of recognizing the beds in the absence of fossils—and these are 
generally very scarce. Without some such guide, it would be 
often impossible to distinguish these beds from others higher in the 
succession. 

The grits and conglomerates west of the Fenni vary considerably 
in thickness, colour, and texture. All the evidence available points 
to their being a local development in the Zetrugraptus-Beds, and 
there are strong reasons for believing that their real is much greater 
than their apparent extent, for they have been subjected to much 
folding and faulting. One very noticeable feature which they 
present is that they are exposed on the higher ground much more 
extensively than in the valleys—capping the hills in gentle folds 
which do not often reach the lower ground, 


(1) The Lowest Shales.—The lithological character of the very 
lowest beds is that of the usual V'etragraptus-Shales of the district, 
but they contain fossils very sparingly, so sparingly that it 1s 
difficult to fix their age definitely. In the absence of sufficient 
proofs to the contrary, they are here placed at the base of the 
Middle Arenig—or Didymograptus-extensus zone. 

These shales are well and abundantly exposed in the neighbour- 
hood of Whitland Abbey. They are seen all along the road leading 
from that place to Pass-by Cottages on the north-west. They 
contain very few fossils here, and those that do occur are in a 
very fragmentary state. Among others are trilobites—probably 
Miglina, a Palearca, and an Orthocerus. Similar beds are seen at 
Cwmfelin-boeth, near the small bridge on the Whitland road. 
These have yielded an Orthoceras, a Trinucleus, and some small 
fragments of an unidentifiable graptolite. The blue-black mudstones 
in the quarry on the roadside a short distance farther south, 
undoubtedly belong to the same series. Some trilobite-fragmentis 
have been collected here, but were so badly distorted that only with 
hesitation could they be assigned to the genus glina. 

These beds also come to the surface at frequent intervals in the 
valley of the Gronw, and here they have yielded some extensiform 
graptolites a little to the north of the Old Cottage, north-east of 
Llwyngwydd. The graptolites here are associated with Orthoceras 
sp., Caryocaris-tails, and Orthis Carausii, Salt. A few graptolite- 
fragments were collected also from the small section immediately 
south of Penyglog, and were associated with Aglina, Theca, and 
Orthoceras, 

Certain shales are abundantly exposed near Pantgwyn and 
Aberdauddwr in the Nantclomendy valley. Some of them un- 
doubtedly belong to this horizon, but whether those occurring in 
Aberdauddwr farmyard are of this age may be questioned. As 
regards texture and colour, these are much like the Upper Zetra- 
graptus-Beds ; but graptolites, though present, are very scarce and 
fragmentary. Other fossils collected here are :-—Zighna sp., Trt- 
nucleus sp., Agnostus cf, M‘Coyii, Salt., Beyrichia, Orthis ct. 
Menapie, Hicks, and Lingula sp. 
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(2) Ashy Mudstones, ete.—Passing upwards, the blue-black 
shales become coarser in texture, and take on the character of ashy 
mudstones, becoming gritty as they near the base of the grits. 
They are sparingly fossiliferous, except in some bands in which 
specimens of Orthis Carausii, Salt. are fairly numerous. They yield 
a few dendroid graptolites—the forerunners of the great profusion 
which was to appear later. Within these beds are several igneous 
bands, some of which attain a thickness of between 3 and 4 feet. 
These are best seen in the old quarry on the brow of the hill north- 
east of Blaenweneirch. They are also seen in an old quarry on 
the roadside about 100 yards to the west. Here the mudstones 
have yielded several specimens of dendroid graptolites, but nothing 
else. This bit of ground has been disturbed by faulting, and the 
structure is difficult to make out. The ash-bands with their 
associated striped mudstones are traceable for some distance 
westward, and surface-evidence suggests that they have been 
disturbed by two faults before they reach the vicinity of 
Pantyffynnon Farm, where they are cut off altogether. 

Kast of the first-mentioned quarry these beds are traceable down 
the slope with a north-easterly strike due to dip, and are seen in 
the bed of the stream. They are again observed along the Blaencediw 
Lane east of the dingle. Here the dips indicate a small anticline, 
for, where the beds are last seen in place in a small quarry, they dip 
southward at about 45°. Near this point they are cut off by an east- 
and-west fault—probably a thrust. This igneous band has not 
been seen anywhere else in the district. 


(3) Grits with Orthis and Trilobites.—The grits, as 
stated above, are very variable, both in thickness and in texture. 
They are more or less ashy in some localities, and again at no 
great distance they assume the character of coarse conglomerates. 
This variation is accompanied by a rise and fall in the number, as 
well as by a change in the character, of the fossils. 

These beds, again, are well represented in the neighbourhood of 
Whitland Abbey, where grits have been extensively quarried. 
They form the crest of the ridge that separates the valleys of the 
Gronw and Fenni from near the Abbey to Penyglég. Fossils occur 
only in certain thin bands, and these are seldom exposed. ‘Trilobite- 
fragments and a few specimens of Orthis have been collected near 
the last-named place, and near Pantyderi, as well as at several 
points in the Gronw Valley. 

There is, behind the Abbey mansion, a peculiar tump rising 
more than 100 feet above the valley-floor. Thisis made up largely 
of grits and thick beds of coarse conglomerate, but they are much 
disturbed by faulting—several fractures being visible in section. 
The displacement, however, cannot be great. A short distance to 
the north there are two outcrops, and quarries have been opened 
in both. The dips here indicate a shallow synclinal fold. Fossils 
are very rare in these—fossil-bearing bands, presumably, not being 
exposed at this point. North of Pound-glas in the immediate 
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neighbourhood, however, where some members of the series are 
found, fossils are very common. ‘These beds, which here consist of 
bands of grit alternating with shales, are well seen striking across 
the road immediately north of the farm, and trilobite-fragments 
and Orthis are fairly abundant both in grits and shales. Heads 
and tails of Ogygia marginata are met with, and Orthis Carausie 
(Salt.) is common. 

There are apparently three isolated patches of these grits in the 
neighbourhood of Pound-glas and Llwyngwydd, in which several 
small quarries have been opened. ‘Their presence is indicated by 
the abundant loose débris and the character of the soil. The small 
quarry in the wood north-east of Llwyngwydd shows these grits 
dipping under higher beds. 

Another isolated patch of these grits caps the hill south of Pass- 
by, and a quarry has been opened in them at Pencilpost. The 
coarsest bed here has yielded an Orthis; a few trilobite-fragments 
and bits of dendroid graptolites have also been found here. Some 
of the beds crop out with a southerly dip, at the bend in the old 
lane north of Pencilpost, and here they are fairly crowded with fossils, 
including a large Lingula, Ogygia cf. marginata, Crosf. & Skeat, 
Trinucleus cf. Sedgwickii, Salt., Orthis Carausit, Salt., O. Menapre, 
Hicks, ete. 

The hollow between this section and Pass-by Cottages is in shale; 
but immediately north of the Cottages the grits are again seen 
striking across the road with a northerly dip, and containing fossils 
of the usual type. The abundant débris along the crest of the hill 
to the north, extending from Cwmfelin-boeth to Nant-clomendy 
Dingle, indicate their presence and strike, and small quarries have 
been opened in these grits in several places. They are seen passing 
under higher beds at Cwmfelin, where they have been considerably 
disturbed. A fault of some magnitude is seen in a quarry on the: 
west of the valley, and its effects are shown behind a cottage on the 
east side also. his fault probably accounts for the non-appearance 
of the grits in the Nant-clomendy dingle. 

Farther north are two outcrops of the same series of beds. One 
extends from a point a little north of Aberdauddwr, where it is 
exposed in a small quarry in gorse-grown ground, to another point 
a little west of Pantyffynnon. They are seen crossing the stream 
by the Old Cottage in the dingle—east of Blaenweneirch, and passing 
westward they form the feature south of that place. They also form 
the hog-backed ridge west of Pantyffynnon. Some of them are seen 
in the yard at that place, where they and their associated beds show - 
signs of considerable disturbance. North of Aberdauddwr they 
have yielded Orthis Carausit, Salt., and Dendrograptus-fragments. 
South of Blaenweneirch similar fossils occur. 

The other and northernmost outcrop, a little farther north, is 
more extensively developed, and is slightly different in character. 
The beds are exposed in the dingle east of Blaencediw—200 yards 
or so below the springs. Many small quarries have been opened 
in them in the immediate neighbourhood—one at the bend in the 
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lane and another in the dingle to the north-west. They are traced 
westward across the hill storth of Blaenweneirch, and have been 
extensively quarried for road-metal on the side facing Henllan- 
Amgoed. Some of the beds here, as well as at Blaencediw Quarry, 
are crowded with Orthis Carausii, Salt. Occasional trilobite- 
fragments have also been found here. At this quarry the fossil- 
bearing bands weather buff and mottled grey. 

aN short distance south of the quarry these beds appear to be 
faulted-out, and are not seen in the dingle to the west; but on the 
small ridge south of Henllan Church they come to the surface again, 
and the lower beds are exposed in a quarry at the southern 
extremity of that ridge. Few fossils occur here, consisting of 
Orthis Carausii, Salt., and doubtful fragments of Dendrograpius. 

Along the western flank of this ridge the grits disappear, partly 
by faulting, and partly by passing under higher beds. 


(4) Orthis-Mudstone and Dictyograptus-Beds.—At 
Blaencediw Quarry the grits are seen passing up into gritty black 
mudstones abounding in Orthis Oarausii. Some hard bands in 
these are crowded with graptolites of Dictyograptus and Dendro- 
graptus types. A small collection of fossils from this section 
was submitted to Miss G. L. Elles, D.Sc., and she identifies the 
tollowing :— 


Callograptus radiatus, Hopk. | Dictyograptus Eom frayi, Hopk. 
Cailograptus Salieri, Wall. | Climacograptus implicatus, Hopk. 
Callograptus Saltert, var. attenuatus, | Dendrograptus flexuosus, Hall. 
Hiles MS. Dendrograptus sp. (possibly new). 
Dictyograptus et. Homfrayi, Hopk. Orthis Carausti, Salt. 
(possibly new). | Lingula sp. 


There are several faults in this quarry, but none appears to be of 
great extent. 

Farther up the dingle, the beds become more flaggy, and gradually 
change their texture, passing up into finer-grained mudstones with 
Tetragraptus at no great distance. These flaggy beds contain 
Callograptus, etc., in abundance. 

Orthis-mudstones come to the surface on the road near Penlanfach, 
where they are fairly fossiliferous, but they have not yielded any- 
thing besides Orthis Carausii, Salt. Farther south, flaggy beds are 
seen on the roadside lying nearly horizontal. These have yielded 
an Orthoceras sp. (possibly new), Lingula sp., Ogygia marginata, 
Trinucleus sp., Siphonotreta (7), ete. 

There is a good section of black shales and mudstones along the 
lane leading to Henllan grit-quarry. The beds are somewhat flagey 
in places, but are disappointing as regards their fossil contents. In 
the lower part of the road there are some lenticular masses of 
weathered grit packed with Orthis Carausii, Salt. ; Orthoceras sp., 
Theca sp., and some obscure dendroid forms also occur. 

Higher in the series are some shales and flags rich in trilobites. 
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These beds are well exposed east of the ford at Rhydhenllan—up 
the hill towards Llwynderw—near the mill—and on the road 
immediately south of Henllan Church: they have yielded :— 

Dendrograptus sp. | Orihis Carausti, Salt. 
Callograptus sp. Orthis Menapie (1) Hicks. 
Ogygia narginata, vay, | Siphonotreta sp. 
Ogygia Selwynit, Salt. | Obolella sp. 
Trinucleus sp. | Lingula sp. 
Ampyz sp. | Orthoceras sp. 

Aiglina sp. Theca sp. 

Beds of the same age occur at Blaenweneirch, and they have 
yielded Ogygia marginata var. and Callograpius Salieri var. 
attenuatus Elles (MS.). They are also seen in the dingle east of 
Blaenweneirch, but have not yielded any fossils there. 

The grits of Cwmfelin-boeth pass up into gritty mudstones seen 
on the road south of the entrance to Llangan Vicarage (Talvan). 
These beds are very unfossiliferous, and have yielded only a few 
fragments of dendroid graptolites too imperfect for identification. 
However, there is no reason to doubt that they are what they 
appear to be from their position. 

Mudstones of the same type occur near Penyglog, Cefnmeurig, 
Llwyntreharn, and Pistyllgwyn, all of which have yielded 
fragments of dendroid graptolites, and occupy a similar position in 
relation to the grits. 


(5) Tetragraptus-Beds,—the lane leading up to Cilhenrhés 
from Rhydhenllan, exposes a continuous section in shales and mud- 
stones, showing the Ogygia-margimata Beds passing up to Tetra- 
graptus-Shales. Near Llebach a roadside-exposure in blue-black 
shales has yielded Yetragraptus quadribrachiatus, Hall, T. Headz, 
Hall, Didymograptus extensus, Hall, diglina (?) binodosa, Salt., 
Trinucleus sp., Theca, ete. 

Similar beds are seen near Henllan Farm, but here fossils are 
generally scarce. About Penyback, on the western side of the dingle, 
beds of the same age are frequently exposed, but fossils rarely 
occur. 

Along the hill between Gellidiogyn lane and Cadwegan, shales are 
continuously exposed, but fossils occur sparingly in them. ‘Their 
general character, however, is such as to render their identification 
as Tetragraptus-Beds fairly certain. Beds of the same horizon are 
also abundantly exposed on both sides of the dingle east of 
Gellidiogyn. Fossils have been collected at several points between 
Castell-draenog and Blaencediw, especially along the west side of 
the ridge. The beds consist chiefly of blue-grey mudstones and 
shales, and their fossil contents include :— 


Tetragraptus Headi, Hall. | Aiglina sp. 

Tetragraptus Amii, Lapw. Trinucleus Sedgwichkii, Salt. 
Didymograptus patulus, Hall. | Orthis calligramma, Dalm, 
Dichoaraptus sp. Lingulella sp. 

iglina binoedosa, Salt. 
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The roadside-exposure at the entrance to Llangan Vicarage is 
presumably the ‘north of Talvan’ locality of the late Thomas 
Roberts. These beds succeed the gritty mudstones mentioned above, 
apparently without a break, and this agrees with the succession 
elsewhere. The fossils collected here include the following, most 
ot which were recorded by Mr. Roberts :— 


Dictyograptus sp. Callograptus persculptus, Hall. 
Dendrograptus sp. | Dichoqgraptus sp. 


Didymograptus nitidus, Hall. Aiglina sp. 
Didymogr aptus pati ulus, Hall. Trinucleus Sedgwickit, Salt. 
Tetragraptus Headi, Hall. Orthis calligramma (?) Daln. 


Tetragraptus serra, Brongn. | Palearca. 
Callograptus Salteri, Hall. } Obolelia. 


} 


The old lane at Pontygraig, east of Trefach, cuts through the 
same beds, which contain a fair number of fossils. Among others, 
the following occur :-—Didymograptus extensus, Hall; D. patulus, 
Hall; Zetragraptus Amit, Lapw.; Dendrograptus sp.; glina, 
and other trilobite-fragments. 

The old road-section at Penparc-uchaf is in shales of the same 
age, and fossils are fairly abundant, especially graptolites. The 
following were collected :— 


Didymograptus extensus, Hall. Dendrograptus sp. 
Didymograptus sparsus, Hopk. Dictyograptus sp. 
Didymograptus patulus, Hal. Dichograptus sp. 

Didymograptus nitidus, Hall, Several species of small trilobites 
Tetragraptus Headi, Hall. and an Orthis. 


Tetragraptus Bigsbyi, Hall. j 


Extensiform graptolites have been collected at Pwllyrhwyaid and 
Foxhall, north of Whitland. 

In the old quarry north-east of Llanlliwe there are some thickly- 
bedded mudstones, with the beds almost vertical and much crushed. 
Some bedding-planes are covered with graptolites, but the material 
crumbles to pieces on being handled, making it difficult to secure a 
good identifiable specimen. Some large trilobites also occur here, 
but they are much distorted and broken. Among the graptolites the 
following have been made out :—Didymograptus extensus, Hall; 
D. vitidus, Hall; Tetragraptus Headi, Hall; 7. Bigsbyi, Hall; 
and Dichograptus sp. 

The shales at Sarnlis near Llangan Church, though abundantly 
exposed, contain few fossils. Those that do occur lead to the 
conclusion that these beds are at the top of the Z'etragruptus-series, 
or at least very near the top. The fossils include fragments of 
Didymograptus (?) hivundo, Salt. ; Diplograptus dentatus, Brongn. ; 
Climacograptus confertus, Lapw.; diglina sp.; Obolella plumbea, 
Salt. 

There are also numerous exposures of shales at Blaenwernddu. 
These present the characteristic weathering of the Tetragraptus- 
Beds, but fossils occur very sparingly. The specimens found are 
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of the Didymograptus-extensus type. The beds are probably the 
same as those exposed north of Talvan. 

About three-quarters of a mile to the west the same beds are 
seen in some roadside-sections. That near Rhydywrach has yielded 
Didymograptus extensus, Hall; Tetragraptus serra, Brongn. ; Aighina 
sp.; Obolella sp., etc. There is some obscure faulting in the locality, 
for immediately to the south are Didymograptus-bifidus Beds, which 
appear to dip under Tetragraptus-Beds. Also, at a short distance 
to the north, there are shales of D.-bifidus type. 

The Rhydywrach stream, to the south, has cut through shales 
and mudstones at several points. Fossils have been collected in 
these, which fix their age as Upper Zetragraptus; and their general 
strike and dips suggest that they pass up into higher beds in the 
immediate vicinity. 

In the railway-cutting north of Llanfallteg Station are seen good 
sections in Tetragraptus and Didymograptus-bifidus Beds, with a 
fair abundance of characteristic fossils. The dips at the southern 
end of the section suggest a small anticlinal fold showing Upper- 
Tetragraptus passing up into Didymograptus-bifidus Beds. The 
former here contain a fair abundance of Diplograptus dentatus, 
Brongn., and Chmacoyraptus confertus, Lapw.: Didymograptus 
patulus, Hall; D. hirundo, Salt.; but no D, bifidus. Trilobites. 
also occur, including Barrandea sp., Aglina binodosa, Salt., and 
Miglina sp.; and Conularia, Theca, and Orthoceras have been 
obtained. The beds in this section have been disturbed by 
several faults—probably the westward continuation of Rhydywrach 
conditions. * 


North of the small dingle (the southernmost of the two) the beds 
have yielded the following fossils :— ; 


Dendrograptus sp. |  Letragraptus quadribrachiatus, 
Schizograptus sp. | Hall. 

Didymograptus extensus, Hall. |  Aiglina sp. 

Didymograptus patulus, Hall. | Trinucleus Sedqwickii, Salt. 
Tetragraptus serra, Brongn. |  Lingulella sp., ete. 


The same series of beds—mudstones and shales—are exposed at 
intervals along the railway near Gwarmacwydd, and continue north- 
wards as far as Login, but are very sparingly fossiliferous. Even 
where fossils occur they are not easy to find, and then to identify, 
owing to cleavage. 

There is a continuous section up Penclipin Hilland down Mount- 
Pleasant Hill, in both of which fossils are exceedingly scarce. The 
beds at Mount Pleasant are more arenaceous than the usual type, 
are badly cleaved, and have not yielded a trace of fossils, These 
beds are also exposed about Bryntaf and Penyrallt. 

East of the Gronw at Glandwr, near Pantygrug, there are several 
exposures of graptolitiferous shales and mudstones, which have 
yielded Didymograptus ewtensus, Hall ; Tetragraptus quadribra- 
chiatus, Hall; V. Bigsbyii, Hall; Schizogruptus sp.; diglina sp. ; 
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Trinucleus sp., etc. The relation of these beds to the grits of the 
immediate neighbourhood is rather difficult to make out. Taking 
the evidence of the dips, the most probable interpretation is that 
the graptolite-beds are folded down here and cut off by a fault 
immediately to the south. 

About 14 miles to the north, in the gorse-grown ground south 
of Cilhirwy: dd, is a small quarry in shales with some hard bands. 
The shales contain a fair number of sraptolites, but three bedding- 
planes in one hard gritty band are especially crowded with 
them: Didymograptus hirundo, Salt., and D. patulus, Hall, can be 
recognized. Some trilobites of the genus LAyglina and a Lingula also 
occur. This exposure is within a short distance of a Didymoyraptus- 
bifidus ash outcrop. 

The late Thomas Roberts reported the occurrence of ‘tuning-fork’ 
graptolites at Penycoed, east of Whitland. The shales here are 
very barren, and from their texture and colour could be taken for 
Tetragraptus-Beds ; further, at Nant-yr-ailwyn, close by, shales of 
exactly the same character are fossiliferous, and have yielded 
iy LO aptus (2) hirundo, Salt.; D. patulus, Hall; D. gibberulus, 
Nich.; Lingula; and Palear Ct. (It may be suggested that 
Peny coed near Mydrim was meant, for at that place tuning-fork 
graptolites do occur.) 

The shales in the bed of the stream south of Nant-yr-aliwyn 
Bridge have yielded extensiform and dendroid graptolites in several 
localities. Extensiform graptolites have also been collected near 
Tynewydd (east of Whitland), and at Forest. 

East of the River Fenni the beds are abundantly exposed, but, 
as elsewhere, are sparingly fossiliferous except in certain localities. 
The old quarry at Llwyncrwn has yielded the greatest variety of 
fossils. Here some bands are crowded with graptolites, the following 
having been collected and identified :— 


Didymograptus extensus, Hall. Dichograptus sp. 

Didymograptus witidus, Hall. Asaphus sp, (large and possibly 
Didymograptus patulus, Hall, new). 

Didymograptus sparsus, Hopk. Higlina caliginosa. 
Didymograptus hirwndo, Salt. Aiglina sp. 

Tetragraptus serra, Brongn. Trinucleus cf. Sedqwickii, Salt. 
Tetragraplus Amti, Lapw. Orthis sp. 


Tetragraptus Bigsby, Hall. 


Lingula cf. petaton, Hicks. 
Callograptus Salteri, Hall, 


Obolella sp. 


Callograptus sp. Siphonotreta. 
Dendrograptus persculptus, Wopk. | Conularia. 
Dendrograptus flexuosus, Hall. | Theca. 
Dendrograptus sp. Orthoceras ef. sericeum, Salt. 
Ptilograptus Hicksti, Hopk. | Caryocaris ; etc. 
Dietyograptus cf. cancellatus, Hopk. 

(possibly new). 


At Pont-y-fenni, two-thirds of a mile due south, shales and mud- 
stones are exposed in several good sections, In the old quarry 
above the bridge there seems to be a slight displacement. Highly- 
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slickensided slabs have been dug up about the middle of the quarry, 
and south of this spot the following fossils occur :— 


Didymograptus extensus (4) Wall. Agnostus sp 

Didymograptus pennatulus, Hall. Lingula. 

Didymograptus patulus, Hall. Obolella. 

Tetragraptus serra, Brongn. Palearea. 

Tetragraptus quadribrachiatus, Conularia margaritifera, Salt. 
Hall. Conutaria cf. Homfrayi, Salt. 

Ampyx cf. Salteri, Hicks. Theca sp. 

Aiglina caliginosa, Salt. Curyocaris sp. 

Aiglina cf. boia, Hicks. Orthoceras sp.3 etc. 

Trinucleus sp. 


North of the break there is a slight lithological difference, and 
the fossils indicate a higher horizon, probably the higher beds of 
the Tetragraptus-Series. The following fossils have been found :— 
Diplograptus dentatus, Brongn. ; Climacograptus confertus, Lapw. ; 
Placoparia cambrensis, Wicks; and a few fragments of extensiform 
graptolites, but no Didymograptus bifidus. The roadside-sections 
have yielded Didymograptus ct. ewtensus, Hall; D. patulus, Hall ; 
Tetragraptus serra, Brongn.; Conularia sp.; Bellerophon multe- 
striatus, Salt. ; and an Orthoceras. 

lixtensiform graptolites have been collected from the mudstones 
in the watercourse south of Bwlchydommen. #glina and other 
trilobite-fragments also occur here, near the junction of the 
Tetragraptus-Beds and the Didymograptus-bifidus Beds. 

The dips here strongly suggest an inversion due to overfolding 
or faulting—probably to both. The crushed state of some black 
shales seen in a ditch west of Sabulon, and the watery condition of 
the ground near by, confirm the suggestion as to the occurrence of a 
fault. 

The mudstones in Gors farmyard have yielded some isolated 
Tetragraptus-stipes, and the exposures about Pwlltrap contain few 
fragments of Dendrograptus and dglina. A Dictyograptus was — 
obtained from a well at Ostrey, and fragments of Didymograptus 
hirundo, Salt., from the mudstones in the bed of the Gynin close by. 
Some fragments of extensiform graptolites have been collected from 
the crushed mudstones at Melin Cleiton and the railway-cutting 
near St. Clear’s Station. glina also occurs at the latter place. 

A small opening in shales at Parkyrabat and the roadside- 
section near Castell-y-waun have yielded graptolites of ewtensus-type. 
The latter locality has, in addition, yielded a crushed specimen of 
Tetragraptus cf. quadribrachiatus, Hall; Didymograptus eatensus (2) 
Hall; and tails and eyes of Wglina have been collected from the 
mudstones of the railway-cutting north of Banc-y-felin. 

Near Llainlwyd, a mile north of St. Clear’s Station, there is a 
good road-section in shales. These are fairly fossiliferous at certain 
points. At the lowest end of the section the beds are nearly vertical 
and barren, but at the turning in the road higher up extensiform 
graptolites occur, which are usually very fragmentary. Half way up 
the hill the following haye been collected : — 
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Didymograptus extensus, Hall. | Ampy« sp. 

Didymograptus patulus, Hall. Trinucleus cf. Salteri, Hicks. 
Tetragraptus Amii, Lipw. Aiglina binodosa, Salter (large). 
Tetragraptus serra, Brongn. Palearca sp. ; ete. 


Still higher up, at Tynewydd, some mudstones dug out of a well 
were crowded with Didymograptus extensus, Hall. Associated with 
these were Barrandea sp. ; Trinucleus ef. Murchisoni, Salter ; 
Illenus (?); Lingula sp.; Palearca, ete. Didymograptus-bifidus 
Beds are exposed a few yards farther north; and it is almost a 
certainty that the junction is a faulted one, and that a portion of 
both series has been cut out here. 


(6) Conclusions.—Reviewing the stratigraphical and fossil 
evidence, the conclusion is reached that the Arenig 
rocks of this district are the equivalents of the 
Tetragrapius- Beds of St. David’s and are of Middle 
and Upper Arenig age. There is not sufficient evidence to 
prove that the Lower Arenig rocks are represented in Western 
Caermarthenshire. 

The Middle Arenig strata (the equivalent of Hicks’s ‘ Lower 
Arenig’) here naturally divide themselves into two sub-groups— 
(a) the Blaencediw Dictyograptus-Beds with their associated grits, 
and the Henllan Trilobite-Beds; and (3) the higher shales and 
mudstones with Tetragraptus and Didymograptus extensus, etc. 

The Upper Arenig of this district includes all other beds with 
Didymograptus hirundo, and other extensiform graptolites, up to and 
including beds with Diplograptus and Climacograptus without 
Didymograptus lifidus. 

The complexity of the ground is such, that no attempt has been 
made to draw definite lines separating the Upper from the Lower 
Arenig rocks of the district. 


(6) Llanvirn Group: Didymograpius-bifidus Beds. 


The D.-bifidus Beds of the district consist of a series of blue-grey 
and blue-black mudstones and shales, thin grits, and bands of ash. 
The mudstones and shales are often stained light chocolate. 
They weather in irregular patches of light butf and fawn, and when 
viewed edgewise they present an irregular streaky appearance. 
Where they are cleaved they assume a peculiar sheeny lustre, 
probably due to shearing. The grits are blue-grey in colour and 
much jointed. The ashes, freshly fractured, are light blue, but on 
weathering they present a buff or cream-coloured groundmass with 
specks of rusty material, formed probably by the decomposition of 
pyrites and other minerals containing iron. Some of the weathered 
beds are quite vesicular, owing to the decomposition of minerals con- 
taining lime. Calcareous pea-like masses are found in half-weathered 
samples. 

The rocks have been subject to a great deal of folding and 
faulting, and the beds are frequently repeated, the ash-bands 
suffering with the rest. There are, however, at least two distinct 
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bands of ash. Cone-in-cone structure is very common in the egrit- 
bands, as well as in nodules embedded in the mudstones and shales ; 
this is especially the case in the neighbourhood of St. Clear’s. 

Beds of this age occupy a considerable space, both north and 
south of the Tetragraptus-belt. 


(1) The Southern Outcrops.—These beds are much in 
evidence at St. Clear’s. The main 
road cuts through them at Blue 
Boar, and there is a good section up 


S the hill leading to Lower St. Ciear’s. 
Ee This latter exposure shows the dis- 
5 turbance mentioned above (p. 613). 
e There are good sections also in the 
bs old lane near Croft Lodge, and along 
32 the Cliff, where the Didymograptus- 
52 bifidus Beds are faulted against 
HN black Dicranograptus-Beds. 

ee The general dip about here sug- 


gests an overfold from the north, as 
Didymograptus-bifidus shales appear 
to pass under older beds. his is 
the case not only here, but all 
along the strike. Fossils are fairly 
common. The main-road section 
and that in the ‘old lane’ are per- 
haps the best places for collecting. 

The following occur on the main 
road :— 


near Forest, on the scale of 6 inches to the mile. 


Didymograptus bifidus, Hall. 

Didymograptus cuodus (?) Lapw. 

Didymograptus Nicholsoni, Lapw. 

Didymograptus Nicholsoni, vay. 
planus, Elles & Wood. 

Agnostus M‘Coyi, Saicer. 

Aiglina binedosa, Salt. 

Aiglina (young ?). 

Calymene parvifrons, Salt. 

Placoparia cambrensis, Hicks. 

Mienus Hughesii, Hicks. 

Orthoceras cf. caereesiense, Hicks. 

Theca sp. 

Conularia sp. 

Ophileta. 

Bellerophon nvultistriatus (0) Salt. 


Didymograptus-bifidus Ash. 
Slade Beds. 


o= 
— 


(Marked on the map, Pl. XLVI, as * Section GHE®) 


Section from north to south, 


The ‘old lane’ has yielded the 
above, and also the following :— 
Didymograptus (?) geminus, His. ; 
Phacops lanvirnensis, Hicks; Bel- 
lerophon sp. (young ?). 

East of St. Clear’s, at Plasygwyr 
and Bronheulog, these mudstones are associated with a series of 


Didymograptus-bifidus Beds. 


Tetragraptus-Beds. 


nse I 
Fig. Oe 


1 
Owen 
2 


Vol. 62.] ROCKS OF WESTERN CAERMARTHENSHIRE, 615 


harder arenaceous beds. The softer material contains Didymograptus 
bifidus, Hall,and D, Nicholsont, var. planus, Elles & Wood. D.bifidus, 
Hall, as well as Dinobolus Hicksii, Dav., occurs in the shales on 
the roadside west of Asgood. 

The old quarry near Danrallt has also yielded a fair number of 
fossils, including Didymograptus bifidus, Hall; D. indentus, Hall ; 
D. Nicholsoni, Lapw.; Diplograptus dentatus, Brongn. ; Climaco- 
graptus confertus, Lapw.; Lllenus Hughesit, Hicks; and Barrandea 
Homfrayi, Hicks, The beds here are nearly vertical, and contain 
some hard bands. 

West of St. Clear’s the beds are much exposed in road-sections 
and otherwise. The road-section at Llaindelyn, south of Pwlltrap, 
is on the line of the Timber-Yard disturbance, and the mudstones 


here have yielded :— 


Didymograptus bifidus, Hall. |  Phyllograptus anna, Hall, 
Didymograptus indentus, Hall. Aiglina binodosa, Salt. 
Diplograptus dentatus, Brongn, Bellerophon (Y} multistriatus, Salt. 
Phyllograptus typus, Hall, | Orthoceras ef. encrinale, Salt. 


Didymograpius bifidus has been collected at Heol-cerrig, several 
localities on the Backé, and in the dingle between the Woolston- 
Ash ridge and Castle Hill, Some ‘ mining’ (sic) operations have 
been carried on in this dingle, the blackness of the shales being 
thought a certain indication of the occurrence of coal. Several 
pits were sunk here, and the débris has yielded D. bifidus, Hall, in 
fair numbers. 

A short distance north of Clog-y-fran two other pits have been 
sunk in similar beds, one of which is within a few yards of 
the fault which here cuts off the Asaphus-tyrannus Limestone. 
teference has already been made to Didymograptus-bifidus Beds 
in Clog-y-frin farmyard. The beds are fairly fossiliferous ; and 
D, bifidus, Hall, D. indentus, Hall, dglina binodosa, Salt., 
yglina sp., Barrandea cf. Homfrayi, Hicks, and Bellerophon have 
been collected here. 

There are two outcrops of Didymograptus-bifidus rocks in the 
vicinity of Forest, separated by a slice of Upper Bala Beds, and the 
southern outcrop is again faulted against beds of the same age near 
the tunnel. Fossils are exceedingly scarce, only a few specimens 
of Climacograptus having been found, and all of them in one 
locality. Had it not been for the ashes, of which there are three 
well-developed bands here, it would be difficult to recognize the 
beds with any degree of certainty, 

West of Forest, the beds seem to be cut off entirely by a fault 
which appears to bring Bala Beds against Arenig. It cannot be 
made out exactly what takes place for some distance west, for the 
ground is obscured by alluvium. But, in the neighbourhood of 
Whitland, Didymograptus-bifidus Beds again occupy a considerable 
space. D. bifidus has been collected from a roadside exposure 
100 yards north of the Intermediate School. The dips up this 
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hill vary a great deal in inclination, but are always northward, 
both in the Didymograptus-bifidus and in the Arenig Beds exposed 
here. From this fact it may be inferred that the overfold indicated 
at St. Clear’s is continued thus far west. The beds are also seen 
at Middleway, and up the Llwynbrain Hill, where they are faulted 
against beds of Lower Llandovery (?) age: fossils are, however, 
rare, consisting of an occasional fragment of graptolite or trilobite. 
They are exposed abundantly in the lane leading up the hill from 
Trevaughan. The ashes come out on this hill, and huge boulders 
are profusely scattered about. Ash-débris is traceable eastward 
along the brow of the hill for some distance, but then ceases 
abruptly, owing, presumably, to the beds being cut off by a fault, 
or to their being overlapped by the Old Red Sandstone. ‘There is 
certainly some faulting here, but the paucity of good sections renders 
the structure difficult of interpretation. 

The only fossil-locality of any value hereabouts is on Gallt-y-beili 
Farm, south of the Tave, and nearly opposite the railway-station. 
This section has yielded :— 


Didymograptus indentus, Hall, Barrandea Homfrayi, Hicks. 
Diplograptus dentatus, Brongn. Orthis sp. 

Aiglina sp. Obolella (2) plumbea, Salt. 
Menus Hughesii, Hicks, Bellerophon; ete, 


Didymograptus bifidus, Hall. | Trinucleus cf. Murchisoni, Salt. 
t 
! 
| 

This outcrop runs westward into Messrs. Marr & Roberts’s | 
ground, and possibly some distance up the valley of the Tave, but 
there are no exposures here. 

In the neighbourhood of Llanfallteg, however, is another small 
area occupied by these beds. A railway-section immediately north- 
west of the Rhydywrach stream has yielded Didymograptus bifidus, 
Hall, and Trinucleus cf, Etheridgii, Hicks. A small quarry in 
mudstones, 100 yards or so north of Llanfallteg Station, has produced 
a fairly-good series of fossils, including ;— 


Didymograptus bifidus, Hall. Climacograptus ef. confertus Lapw. 
Didymograptus Nicholsoni, Lapw. Glossograptus (2). ; 
Didymograptus affinis, Nich. Phacops Uanvirnensis, Hicks. 
Didymograptus sp. |  Barrandea Homfrayi, Hicks, 
Diplograptus dentatus, Brongn. | tiiecar is 


Mudstones at Penybont, west of the Tave, have yielded Didymo- 
graptus bifidus, Hall, and Ampya cf. Salteri; and at Bwlchmelyn 
similar beds occur, where D. bifidus and an iglina have been 
collected. The beds here have been somewhat disturbed, especially 
west of the well, but the dips are generally low. 5 

About a mile to the east is Rhydywrach, where there are several 
exposures of shales and mudstones. That in the yard at Cefn- 
maen-llwyd is particularly rich in fossils. The beds here are very 
soft and of a light colour, the weathered portions being light fawn. 
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Some bands are crowded with graptolites. Trilobites also are fairly 
numerous. ‘The following fossils occur :— 


Didymograptus bifidus, Hall. Phacops lianvirnensis, Hicks. 
Didymograptus Nicholsoni, Lapw. Barrandea Homfrayi, Hicks. 
Didymograptus Nic holsoni var. | Higlina sp. 

ee Elles & Wood. |  Lienus Hughesii, Hicks. 
Didymograptus affinis, Nich. Placoparia cambrensis, Hicks. 
Didymograptus acutidens, Lapw. Calymene parvifrons, Salt, 
Diplogr aptus dentatus, Brongn. Ophiteta. 
Climacograptus teretiusculus, ’ His, Bellerophon ; ete. 


Climacograptus confertus, Lapw. 


(2) The Northern Outcrops.—The Didymograptus-bifidus 
Beds on the north of the anticline differ lithologically, to some 
extent, from their equivalents on the south, and (taken altogether) 
they are not so fossiliferous. Having been affected more or less 
by cleavage, the fossils that do occur are neither so easy to find 
nor so well preserved. 

On entering the district on the east, the first or main outcrop 
extends from Melin-ricket to a point about a quarter of a mile 
south of Pont-gowyn; and, on reaching the Tave, it occupies the 
ground between Login and Llanglydwen, a distance of about 
3% miles. 

Didymograptus bifidus, Hall, occurs in a small quarry near 
Penrhiw (Thomas Roberts’s ‘ Penllwyn-bach’ locality). Several 
little quarries have been opened here in one of the ash-bands. 
D. bifidus has also: been collected at Pantglas and Pantybrodyr. 

The ground between the Cywyn and the Dewi-fawr has been 
much cut up by faults which go on splitting westward. This is 
well shown by the behaviour of the ash-bands (see Pl. XLVI, map). 

The road between -Plas-parcau and Mydrim affords an almost 
continuous section across the beds, showing much of their intricate 
plication. Dips here change their inclination and direction at very 
frequent intervals. ‘The mudstones at Plas-parcau Quarry have 
yielded a fair number of graptolites, including Didymograptus 
bifidus, Hall; D. Murchisoni, var. geminus, His. (or a large 
D. bifidus); D. cf. hirundo (?), Salt., ete. There is some obscure 
faulting in the immediate neighbourhood of this quarry; and, 
weighing the evidence of the fossils, it may be questioned whether 
the succession is normal here. 

Fossils have also been collected from a roadside section near 
Penycoed, where D, bifidus, Hall, D. Murchisoni (2), Beck, and a 
several-branched form of eraptolite occur. The graptolite-bearing 
rock here is quite different in character from the usual type of 
D.-bifidus Beds, consisting of thin, hard, flaggy, striped bands 
embedded in black shales. There is a eomplication of faults here 
again, and these beds may not be in their right place, for between 
this section and the true base of the D.- Murchison Beds, a little 
farther north, some indisputable D.-bcfidus mudstones occur. 

D. bifidus occurs in Penweh farmyard, and near Salem Chapel. 

bo 
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The road between Treasgell Gate and the top of the hill exposes 
a continuous section in shales, Typical Didymograptus-bifidus 
fossils have been collected from the lower part, and the charac- 
teristic lower D.-Murchisoni Beds are seen coming on about 
100 yards from the top. It is worthy of remark that these upper 
D.-bifidus Beds do not include any ash-bands, 

Shales and mudstones are extensively exposed along the lane 
west of Treasgell, and the following fossils occur :— 


Didymograptus bifidus, Hall. | Trinucleus cf, Htheridgei, Wicks. 
Didymograptus Nicholsoni var. Barrandea cf. Homfrayi, Hicks, 
planus, Wes & Wood. | Theca. 


Diplograptus dentatus, Brongn, Lingula sp.; ete. 


Didymograptus patulus, Hall. | Orthoceras cf. cacreesiense, Hicks, 
Tlenus Hughesii, Hicks, 


The shaly mudstones in the small quarry west of Melin-castell 
have yielded all the above, and in addition a Placoparia sp., 
Calymene parvifrons, Salt., and an glina, 

Didymograptus bifidus and fragments of several species of 
trilobites have been collected from the mudstones on the Castell- 
gorfod road near Efel-wen. D. bifidus also occurs farther north 
at Mount Pleasant, and at Pensarn west of Cethin, where it is. 
associated with a Bellerophon and trilobite-fragments. 

Again, farther north near Rhydyceisiaid Chapel there are 
numerous sections in shales. The exposures on the roadside 
have yielded D. bifidus, Hall; D. Murchisoni (7) var. geminus, His. ; 
D. Nicholsoni var. planus, Elles & Wood; D. patulus, Hall, or 
D. hirundo, Salt.; Diplograptus dentatus, Brongn.; Clumacograptus 
confertus, Lapw.; Barrandea cf. Homfrayi, Hicks ; and Trinucleus 
sp. These shales are cleaved, and the fossils are slightly distorted. 
In shales at Wheel-about, Didymograptus bifidus and a six-stiped 
Dichograptus have been found. 

The mudstones at Penybont and Penyback are very much 
cleaved, and the fossils—trilobites chiefly—which occur in them are 
hopelessly distorted and broken. Farther north and west fossils 
become very rare. A few graptolite-fragments have been collected 
at Cilanw, and on Felin-isa Hill. In a roadside exposure near 
Llanboidy Bridge, however, graptolites are tolerably plentiful: 
Didymograptus bifidus, Hall, and D. Murchisoni, var. geminus, His., 
occur. 

Search for fossils in the D.-bifidus Beds west of the Gronw has 
not been attended with much success: only a few fragmentary 
specimens of graptolites have been found. A crushed specimen 
of D. bifidus was obtained from shales in the railway-cutting, a 
quarter of a mile north of Login; another of the same descrip- 
tion in the dingle east of Maencoch-yr-wyn, and a few more at 
Llanglydwen, a short distance from the base of the Didymograptus- 
Murchisoni Beds. 

In the absence of fossils, the general character of the beds 
renders them fairly easy to recognize; besides, the ash-bands 
which are associated with them supply useful landmarks. 


Vol. 62.] ROCKS OF WESTERN CAERMARTHENSHIRE, 619 


The second outcrop is isolated from the first by a belt of newer 
beds faulted down or folded in. It extends from a point a short 
distance east of Clyngwynne House to another point a short distance 
south-west of Cwrtau-bach. Didymograptus bifidus was collected 
from the following localities: —A well in Clyngwynne field; the 
road-section at Cross-in; roadside exposures near the Parsonage; 
Parsonage Quarry; Common Quarry; Wern-oleu-fawr ; roadside 
north of Post-gwyn ; and Cwrtau-bach. 

A diabase-dyke cuts obliquely through the outcrop near Parsonage 
Farm, and is quarried for road-meta] in the Parsonage Quarry. 
The beds roll about a good deal near Cwrtau-bach, owing no 
doubt to much faulting in the immediate neighbourhood. On 
the north the beds pass up normally, except from Wern-y-berni 
westward, where the succession seems to be broken by a fault— 
probably a thrust. 


(3) Convlusions.—The occurrence of Didymograptus Murchi- 
som var. geminus in certain sections suggests the propriety of 
separating those beds from the D.-bifidus, and including them in 
the D.-Murchisoni Series; but certain considerations make that 
arrangement inconvenient and illogical, so far as the two faunas 
are represented in this district. 

In the first place, D. Murchisoni var. geminus appears rather low 
down in the series, associated with a fair number of graptolites— 
extensiform and others—of true D.-bifidus age; in the second 
place, much higher beds have yielded series of fossils of true 
D.-bifidus facies; and in the third place, there is in this district a 
natural well-defined line of demarcation between the D.-Murchison 
Beds and those of D.-bijidus age—a line characterized by lithological 
and faunal conditions, and easily traced wherever the two scries 
occur in normal succession. 


(c) Llanvirn Group: Didymograptus-Murchisoni Beds. 


(1) South of the Anticline.—In the absence of a single 
exposure, it is doubtful whether these beds occur at all on the 
south of the anticline. A few fragments of striped flags, containing 
isolated stipes of ‘forked’ graptolites, have been found in the soil, 
near a small quarry in Asaphus-tyrannus Limestones north of Lower 
Court. The general aspect ofthe specimens suggests Didymograptus- 
Murchisoni Beds. 

Black mudstones containing crowds of ‘forked’ graptolites, 
associated with great numbers of Stphonotreta micula and a few 
specimens of Orthoceras, have been dug out of a well at Croft 
Lodge. These beds, with their fossil contents, bear a striking 
resemblance to black mudstones underlying and passing up into 
Asaphus-Limestones near Lan Mills. 

The graptolite-mudstones at Croft Lodge underlie Didymograptus- 
bifidus Beds, and do not come to the surface anywhere in the 
neighbourhood—a fact which adds force to the view that there 
is an extensive overfolding here. 
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(2) North of the Anticline——The Didymograptus-Murchisom 
Beds are, however, well developed on the north of the anticline, 
and form a definite and useful stratigraphical landmark. 

The series is made up of three members. The lower member 
consists of black mudstones which, on weathering, become 
fawn and cream-coloured, easily distinguishable from the underlying 
D.-bifidus Beds. Incipient striping is observable in the very lowest 
beds, but this characteristic becomes more pronounced towards the 
top. The beds are crowded with ‘forked’ graptolites; but, with 
one solitary exception, no other kind of fossil has been found. The 
black mudstones in Frowen Dingle have yielded one trilobite-tail 
which probably belonged to an Ogygia. The graptolites include Didy- 
mograptus Murchison, Beck, and D. Murchisoni var. geminus, His. 

‘The middle member is made up of several beds of blue ash, 
with interbeddings of ashy shales. Neither ashes nor shales 
have yielded any fossils. 

The upper member consists of striped flags, and thickly-bedded 
arenaceous mudstones, rather highly cleaved. The fossils, and 
even the bedding, are sometimes obscured by the cleavage; but 
the beds are, as a rule, readily recognized from their characteristic 
texture and striping. Under normal conditions fossils are abun- 
dant and typical, and include :—Didymograptus Murchisont, Beck ; 
D. Murchisoni var. geminus, His.; D. ef. indentus, Hall; D. 
foliaceus, Murch. ; D. cf. dentatus, Brongn. ; Climacograptus coclatus, 
Lapw. ; Siphonotreta micula, M‘Coy; Lingula cf. attenuata, Sow., etc. 

These beds enter the district at Melin-ricket, where they are 
well exposed near the mill. The upper and middle members are 
clearly shown in a quarry, where the beds are vertical. The lower 
division is seen in a garden adjoining the quarry on the south, 
where they pass down rather abruptly into Didymograptus-bifidus 
Beds with a fair abundance of typical fossils. 

They are again seen in the wood on the west of the valley, and 
in a quarry on the brow of the hill above. Only the upper division, 
however, 1s exposed here. From this quarry their débris is trace- 
able to a point a little south-west of Bwlch, where they are cut off 
by a fault and thrown southwards, again appearing in the dingle 
north-east of Cefn-crwth. Passing under the house at that place 
they appear in a quarry in the rickyard, where typical fossils are 
abundant. They run west along the ridge, and are again well seen 
in the Dewi-fawr Valley, a third of a mile south of Mydrim. On 
the eastern side there are several good sections, but presumably 
only the upper division is again seen. In Pant-yr-hendref Quarry 
opposite, these beds are merely uncovered by quarrying operations in 
higher beds. Westward from here again they run along the crest 
of the ridge, cropping out on the Salem Road south of Oernant 
and make for the Gynin Valley, but before reaching it they are cut 
out by a fault which brings D.-bifidus Beds against Dicranograptus- 
Beds. On the hill south of Castell-gorfod they are again seen in 
quarries and otherwise, but here and along the ridge westward 
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there is evidence of their being inverted. This was probably brought 
about by an overfold from the north developed into a thrust. Here 
begin the complicated overfolding and faulting that have so much 
disturbed the country farther west. This outcrop is cut off by a 
low-hading fault—the thrust, in the dingle south of Penlan; but it 
comes to the surface again about a furlong farther west, abundant 
striped fossiliferous débris in the soil indicating its whereabouts. 

The beds are exposed on the main road north-west of Penlan, 
and a quarry has been opened in them on the side of the hill south 
of Caerlleon. Higher beds are exposed on the top of the hill, but 
on the northern slope a thrust has brought up the Didymograptus- 
Murchisont Beds and has carried them forward so as to overlap 
some of the higher beds. Both outcrops are cut off on the slope 
overlooking Melin Nant-yr-eglwys, Didymograptus-bifidus Beds 
being exposed at several points on the slope below. 

At Nant-yr-eglwys there are at least four distinct outcrups. One 
passes through the yard, and is flanked on both sides by higher 
beds—a fact which suggests a small anticlinal fold, but a much 
broken one, The other outcrops are formed of dismembered 
portions of the main outcrop, cut up by buckling and faulting. 

Down in the valley, south-east of Nant-yr-eglwys, is a small 
opening in the upper division of the beds, with some ash-débris 
below. From here the outcrop sweeps in a curve along the brow 
of the hill above Llethr-madyn and Fronboeth, to a point about a 
furlong north of Clynpebyll, where it is cut off by a fault. There 
is a short break in the outcrop due south of Nant-yr-eglwys, 
where the beds are shifted northwards for a distance of about 
200 yards, and are seen in the lane. 

From the point where the D.-Murchisont Beds disappear near 
Clynpebyll to another point near Hafod Llanboidy, higher beds, 
including Dicranograptus-Shales and Asaphus-tyrannus Ash, are 
faulted against Didymograptus-bifidus Mudstones ; but at the latter 
place D.-Murchisona Beds come to the surface once more, and are 
traceable as far as a point a short distance south of Maesgwyn-isaf, 
where they enter a fault—not to appear again between this spot 
and the Tave. 

On the north, another outcrop comes out of a fault at Pengaer- 
fach, a quarter of a mile west of Llanboidy, where the D.-Mur- 
chisoni. Beds form a peculiar and prominent feature in a field near 
the quarries in the ash. This outcrop strikes west, passing under 
Maesgwynne House and appearing in the southernmost of the 
Pensarn Quarries. The beds are again seen crossing the road to 
the west, and in tne Frowen Wood, where there is a complete 
section across them. ‘They are also seen in the dingle, and are 
traceable up the hill on the west. They sweep northward with the 
contour of the hill on the western slope, producing an unmistakable 
and continuous line of débris. But west of Frowen they are cut 
off by an east-and-west fault, which displaces the outcrop for about 
400 yards, and renders the structure somewhat obscure. 
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About 100 yards south of Cefn-pant Chapel there is another 
short outcrop let out by an east-and-west fault, seen in section in 
Canerw Quarry. (The Didymograptus-Murchisoni Beds are not 
seen at the quarry.) This outcrop strikes into D.-bifidus Mudstone 
at Trehir-isaf, and no more of it is seen farther west. 

There is yet another extensive, but much broken outcrop, let out 
by the complicated faulting of Nant-yr-eglwys. The easternmost 
exposure in this outcrop is seen in a field, at the end of the lane 
south of Maencoch. The beds are also exposed in the lane itself, and 
there is much débris in the soil for some distance south, but not in 
line with the strike of the beds in the lane; besides, the lane-beds 
strike into Dicranograptus-Beds in the immediate neighbourhood. 
North-westward these beds are traceable to a point some little 
distance south of Llain (Lleinau), where the lower division is seen 
in a road-exposure, and the whole in the bed of the river to the 
west. A small quarry has been opened in them south of Tre- 
bleiddiau, and they are seen crossing the road close by. There is 
no other exposure, but débris is traceable a quarter of a mile farther 
along the same strike, which ends abruptly in D.-bifidus Beds, the 
D.-Murchisoni Beds being thrown about 200 yards to the north, 
and cropping out in the lower part of Wern-berni farmyard. From 
here they strike due westwards, and are seen again at Cwrtau-bach, 
in the lane near the well; but here the beds are much cleaved, and 
are disturbed by a fault which causes a slight displacement. A 
quarter of a mile to the west they are faulted down, and pass under 
higher beds. 

The ground round Llwynllwyd is very complicated, owing to 
much faulting. Although lower and higher beds are abundantly 
exposed, there is no well-defined outcrop of D.-Murchisoni Beds. 
Slight traces of them have been detected in several localities, but 
there is not a single exposure, A little farther north, however, 
the whole series is again seen in the dingle north of Tycoed, and is 
traceable westward to Abertigan, being faulted on the south against 
Dicranograptus-Shales. The beds are well seen in the watercourses 
south of Abertigan and on the road at Tigan, immediately north of 
the ford near Llanglydwen Station. 

On the west of the river there is a complete section across them 
near the bridge, where the three divisions are well represented. 
The ash has been quarried here, just where the limestone-mark is 
on the Survey-map. There are calcareous lumps in the ash, and 
some attempts have been made to burn them. The kiln built for 
that purpose was standing until very recently. It cannot be made 
out, however, on what grounds it was thought that there are lime- 
stone-rocks here in contact with a cupriferous vein. There are some 
old workings a little distance to the south, but there are no limestone- 
rocks, neither was any copper found. 

The Didymograptus-Murchisoni Beds run westward through the 
‘ Castell’ and come out on the road near the mill, and at the junction 
of the roads south of Pengawsai, where the ash is extensively quarried 
for road-metal, and the striped beds are exposed in the roadway. 


624 MR. D. C. EVANS ON THE ORDOVICIAN [Nov. 1906, 


(3) Conclusions.—These beds seem to have been deposited 
under conditions exceedingly suitable for the preservation of 
‘forked’ graptolites. Many of the bedding-planes are covered 
with a perfect mat of these fossils, while biserial and other types 
of twin graptolites are comparatively rare. : 

The lighter stripe is due to a thin layer of more ashy material, 
and the ash-band is presumably a ‘ light’ stripe of larger dimensions, 
owing to greater activity in the production of the material. 


(d) Llandeilo Group: Asaphus-tyrannus Beds. 


(1) South of the Anticline.—The beds occurring on the 
south of the anticline are of the typical description, and consist of 
black limestones and calcareous black shales. The fossils are of the 
usual type, and include :— 


Asaphus tyrannus, Murch. Orthis ealligramma, Dalm. 
Ogygia Buchit, Brongn. Orthis testudinaria, Dalm. 
Homalonotus. Orthis elegantula, Dalm. 
Trinucleus Lioydii, Murch. Orthis biforata, Schloth. 
Trinucleus fimbriatus, Murch. | Orthis triangularis, Sow. 
Trinucleus favus, Salt. | Strophomena corrugatella, Dav. 
Calymene brevicapitata, Portl. Strophomena compressa vax, Wan- 
Calymene cambrensis, Salt. deiloensis, Salt. 

Acidaspis ef. Jamesi, Salt. Siphonotreta micula, M‘Ooy. 
Beyrichia complicata, Salt, Lingula granulata, Phill. 
Favosites sp. Lingula cf. attenuata, Sow. 
Orthis striatula, Emm. Leptena cf. sericea ; ete. 
Orthis vespertilio, Sow. 


There are only three localities where these beds come to the 
surface, and all of them lie on the line of an extensive east-and- 
west fault, which accounts for the paucity of exposures. 

In a quarry north of Lower Court the beds are well seen, and 
are very fossiliferous, having yielded specimens of all the species 
mentioned in the foregoing list. The more arenaceous beds exhibit 
the typical striping of the Didymograptus-Murchisont Beds. (These 
beds are not exposed here, but are believed to be present immediately 
north of the quarry.) The beds here dip northward at about 45°, 
and appear to pass under the D.-Murchisoni and the D.-bifidus Beds 
of Danrallt ; a fact which leads to the conclusion that the strata are 
here upside down, by reason of the overfolding already referred to. 

North of Pant-dwfn there is another quarry in these deposits ; 
but the dip is here a little west of south, and the beds are in 
their normal position. This is, seemingly, the only fossil-locality 
known to earlier writers. 

Immediately west of this quarry the beds are cut off by the fault 
which brings the black Dicranograptus-Shales against Didymo- 
graptus-bifidus Beds near St, Clear’s Bridge. The effects of this 
fault are seen in several places between St. Clear’s and Clog-y-fran, 
where the Asaphus-Beds are again well exposed, in several quarries. 
which have, in years gone by, supplied much stone for lime-burning. 
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This is the limestone-locality mentioned by George Owen more 
than three centuries ago. 

The beds are well developed here, some of them being upwards 
of 6 feet thick. This outcrop is that of a large lenticle, faulted 
against other beds all round. In the old quarry near the house 
the beds have been worked out into the faults, which brought them 
against Didymograptus-bifidus Beds on the north and against Bala 
rocks on the east and south. Some of the beds are highly fossi- 
liferous, bands of limestone being entirely composed of Orthis. 
Asaphus tyrannus occurs here, but perhaps not quite so abundantly 
as at; Lower Court. Zrinucleus occurs in crowds, in the tump of 
erushed limestone by the side of the lane. 

Farther west the nearest exposure is at Waundwrgi, 2 miles west 
of Whitland, in Messrs. Marr & Roberts’s ground. 


(2) North of the Anticline.—Very different from rocks of 
the same age on the south, the Asaphus-tyrannus Beds on the north 
are singularly devoid of caleareous matter. They here consist 
of ash and ashy shales, compact in places, and generally abounding 
in fossils. They lie immediately upon Didymograptus-Murchison 
Beds, and the conditions under which they were deposited were so 
uncongenial to graptolite-life that D. Murchisoni, so abundant in 
the beds below, disappeared abruptly, not to reappear again. Not 
a single specimen has been discovered, either in the ashes or in 
the beds above them. ‘Trilobites, however, are fairly abundant 
in the ash-bands and in the shales, and are associated—in the 
higher beds—with graptolites of biserial type. 

As these beds invariably folow Didymograptus-Murchisoni striped 
flags, their outcrops will not be followed here in detail. Only such 
exposures will be dealt with as afford the most convenient oppor- 
tunity for the study of the beds. 

At Pant-yr-hendref Quarry, a short distance south of Mydrim, 
the Asaphus-tyrannus Ash is quarried for road-metal and building 
purposes ; and this is the place where it is best developed in the 
whole district. In the fresh condition, some of the layers are fine- 
grained, even flinty, and dark blue in colour. They weather into 
various shades of brown, cream-colour, and even white, but they 
generally retain their hardness. The upper beds are somewhat 
sandy and flaggy, yielding a few graptolites. The following fossils 
occur here :— 


Trinucleus favus, Salt. 


Diplograptus foliaceus, Murch. 
Orthis vespertilio, Sow. 


Climacograptus sp. 


Asaphus tyrannus, Murch. Lingula granulata, Phill. 
Ogygia Buchii, Brongn. Lingula sp. 
Acidaspis sp. Orthoceras ; ete. 


Trinucleus Lloydit, Murch. | 


Eastwards the beds are not seen in Melin-ricket Quarry, but 
they form a tump in the field 40 yards to the north. They are ex- 
posed in the Llysonnen Quarry opposite, and contain fair numbers 
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of trilobites. They are also seen in Pantglis Quarry, in the 
Dewi-fawr Valley. As they are followed westward they become 
modified in character, being still ashy, but much less compact, so 
that at Llanboidy they have become soft, easily-dressed stone. 
They have been quarried for building at Hafod and Pengacrfach, 
and are well exposed in an old quarry in a garden at Maesgwynne. 
At Pensarn, west of that locality, they have been extensively 
quarried, supplying building-stone for the country round. They 
are very fossiliferous here, yielding Asaphus tyrannus, Murch., 
Ogygia Buchii, Brongn., Homalonotus, T'rinucleus, and graptolites, ete, 
They have also been quarried in the wood south of Frowen. At 
Llanboidy and westward they are immediately overlain by black 
shales crowded with Diplograptus, associated with trilobites —chiefly 
Trinucleus Lloydii, Murch., Tr. favus, Salt., Ogygia Buchir, Brongn., 
also a few specimens of Orthis, and large numbers of Lingula 
granulata, Phill. 

In the quarry north of Canerw, already referred to, these beds 
have been brought up against higher beds by a thrust from the 
north. In a quarry north of Trehir (at| Cefn-trehir) the ash is 
quarried ‘for road-metal; but its relation to other beds here is 
far from clear, owing to some obscure faulting in the immediate 
vicinity. 

Along the northernmost outcrop there are no quarries, and the 
presence of the beds, as well as their character, has to be inferred 
from road- and ditch-exposures. From what evidence there is, it 
is premised that the ash thins out and the shales become less ashy 
and more argillaceous as they pass northward. ‘The Llanglydwen- 
Lane section, north of the bridge, proves this, as no hard beds 
occur there at all, though the section is otherwise complete and 
typical. 


(e) Llandeilo Group: Dicranograptus-Beds. 


These rocks occupy a considerable portion of the area, both north 
and south of the anticline. Exposures are numerous, and usually 
the beds are highly fossiliferous. A very noticeable feature in the 
character of the beds is, that they contain much iron-pyrites. This 
is so abundant in some localities, that springs issuing from the 
black shales assume the appearance and character of those found in 
the vicinity of coal- and iron-mines. 


(1) South of the Anticline.—The passage upwards from the 
Asaphus-tyrannus Beds is nowhere to be observed on the south of 
the anticline, but the Dicranograptus-Beds themselves are seen 
passing up in several localities. 

The beds are well exposed in the neighbourhood of St. Clear’s, and 
a good section is seen immediately north of the bridge across the 
Tave, and in close proximity to the east-and-west. fault mentioned 
above (p. 614), The shales are here intensely black and somewhat 
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ashy, with a fair abundance of fossils. Here, presumably, Prof, 
Lapworth collected graptolites which he identified as follows :— 
Dicranograptus formosus, Hopk. 


Dicellograptus sextans, Hall. 
Diplograptus foliaceus, Murch, 


Climacograptus celatus, Lapw. 
Climacograptus perexcavatus, Lapw. 


The following additional fossils have been obtained from a well 
close by :— 


Dendrograptus sp. Corynoides curtus, Lapw. 
Climacograptus tubuliferus, Lapw. Orthis argentea, His, 


East of the Gynin, the beds are seen near the old lime-kiln at 
Llandeilo-aber-cowyn, where Orthis argentea, His., occurs. The 
beds here are easily recognizable, although graptolites are very rare. 
Their passage upwards is also seen in a very good and continuous 
section. 

Black shales of the same description have been dug from a well 
at Foxhole, are seen in a ditch east of Division Park, and from 
abundant débris are known to be present in the small hill or ridge 
north of that fault, but are here evidently faulted against higher 
beds, 

The dips north and south of the Cywyn, near where it falls into 
the Tave, indicate an anticlinal fold of some extent. The fold 
itself, however, has been worn away, and its place is now occupied 
by the Cywyn Valley. Conditions pointing to the same fact are also 
seen on the west of the Tave, 

Black shales are exposed in a small pit in the Corporation ground 
south of Morfa-bach. Their occurrence here is accounted for by the 
Cywyn anticline, but there is some faulting in the vicinity. 

Immediately south of Woolston Farm are several exposures of 
black shales, some of which can be traced to the St. Clear’s-Bridge 
Fault. The beds also occur in the high bank of the Tave, near 
Llysywig, but are not very fossiliferous. There are moreover 
several other small exposures in the neighbourhood, which are 
useful to point out the path of the fault. 

The beds are well and typically exposed, both in quarry- and road- 
sections, south of Mylet. Here they are abundantly fossiliferous, 
and are seen passing up into arenaceous deposits—rotten lime- 
stone—full of fossils. The black shales have yielded the following 


fossils :-— 


Dicranograptus rectus, Hopk. Climacograptus minimus, Elles, 
Dicellograptus Morrisii, Hopk. Callograptus (two species) ; 
Climacograptus tubuliferus, Lapw. ete, 


Some other good exposures are seen near Moelden. Here the beds 
show signs of shearing and other disturbances. The black shales 
pass up somewhat abruptly into rotten limestone, most of which 
seems to have been pinched out, and a little to the east disappears 
altogether. 

From this point to near Llanddowror there is a small synclinal 
fold enclosing rotten Bala Limestone. Parallel to this, on the 
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south of it, is an east-and-west fault, which brings the Dicrano- 
graptus-Beds against Upper Bala rocks, ‘The structure is made 
tolerably clear by several useful exposures at and near Maeslan 
and along the Penygraig lane, where the fold and fault are seen in 
section. 

The black shales are much exposed at Llanddowror, particularly 
near the Rectory,’ along the old road, and up the Maeslan lane. 
The character of the rock is fairly constant, and fossils are 
moderately plentiful. The section at the Rectory has yielded :— 


Diplograptus foliaceus, Murch. Dicranograptus Clingani. 
Climacograptus tubuliferus, Lapw. Corynoides curtus, Lapw. 
Climacograptus pereacavatus, Lapw. Holopella sp. 
Glossograptus sp. Orthoceras. 
Dicellograptus sp. Discina; ete. 


From Llanddowror Bridge, some distance up towards Pentre- 
howel, there is a very instructive exposure. Here can be seeu the 
gradual upward passage of the black shales to the Bala-Limestone 
stage above. The shales become increasingly arenaceous: thin 
bands with crinoid-ossicles, etc. become frequent ; Orthis and other 
brachiopods, as well as cephalopods, make their appearance. The 
lower limestone-bands have lost their lime, and have assumed the 
character of a light greyish-buff sandstone? but on the brow of the 
hill the rock is still strongly calcareous. 

The lane leading to Faynor discloses a small section in the black 
shales coming out under the Bala Limestone of Llanddowror Quarry. 
They are here faulted against Upper Bala Beds. (See fig. 7, p. 628.) 

Another strip of Dicranograptus-Shales extends from near Talfan 
Lodge to Cwmeaedu, and is faulted against Upper Bala both on the 
north and on the south. (Near Talfan are seen traces of mining 
operations in these beds—presumably another endeavour to find coal.) 

In the dingle south-west of Faynor, the black shales are let out 
by one of the numerous faults which traverse this locality, but the 
outcrop is of very limited extent. 


(2) North of the Anticline.—From Pant-yr-hendref Quarry 
to a point 100 yards north of Mydrim, there is almost a con- 
tinuous road-section across the Dicranograptus-Beds. For conveni- 
ence in the field, these beds are divided into three subgroups, 
according to their lithological characters :— 


a—Black shales, weathering into various shades of buff and yellow ; 
(—Black shales, with lenticular limestone-bands ; 
y-- Black slaty shales which crumble on weathering, but do not bleach. 


This subdivision will also, to some extent, hold good palwonto- 
logically, inasmuch as the assemblage of fossils varies concurrently 
with the lithological changes. In the buff-yellow beds graptolites, 


1 A short distance east of the Rectory a level has been driven into these 
shales in search of coal. 
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trilobites, and brachiopods occur in fair numbers. The calcareous 
beds contain a few trilobites at the base, but graptolites are very 
abundant throughout, even in the compact limestone. The slaty 
black shales contain graptolites in profusion, and little else, 


(a) From Melin-ricket to Penlan there is only one definite area 
occupied by the buff-yellow beds. The upward passage from the 
Asaphus-tyrannus Beds can be well seen at Llysonnen Quarry, in the 
road-section north of Peny-bigwrn, Lan Quarries, Pant-yr-hendref 
Quarry, and the road-section south of Oernant-uchaf. Fossils occur 
at all these localities, the following being the most abundant :— 


Diplograptus foliaceus, Murch. Orthis calligramma, Dalm, 
Climacograptus sp. Orthis testudinaria, Dalm, 
Dicellograptus sextans, Hall. Orthis elegantula, Dalm. 
Dicranograptus ramosus, Wall, Lingula ct. granulata, Phill. 
Dicranograptus cf. rectus, Hopk, Lingula attenuata, Sow. 
Ogygia Buchii, Brongn. Siphonotreta nicula, M‘Ooy. 


Trinucleus favus, Salt. 


South-east of Castell-gorfod these beds are faulted against 
Didymograptus-bifidus Beds on the south, Near Castell Quarry, 
however, the Asaphus-Ash and the Didymograptus-Murchisoni 
Flags are brought against them by the same fault; but a little 
farther west they are again thrown against D.-bifidus Beds. 

Near Penlan, the main area is split into two by a thrust from the 
north (already referred to), and in the Fenni Valley, near Melin- 
nant-yr-eglwys, the beds are almost entirely cut out by a number of 
faults. At Nant-yr-eglwys they are very much broken up by the 
faults, which have similarly affected other beds, already described. 

From Blaensarngoch westward, as far as the neighbourhood of Llan- 
boidy, the Dicranograptus-Beds occupy a well-defined area, and are 
faulted against Didymograptus-bifidus Beds both on the north and 
on the south. They are well seen in the low ground west of 
Clyngwynne—around Waunfawr and Waunfach. On the road 
near Ddol, and in Parsonage Farmyard, they are full of fossils of 
the usual type; they are also well exposed and fossiliferous at 
Wern-oleu-fach and Wern-oleu-fawr, 

In the immediate vicinity of Llanboidy they have been cut up 
by faulting, and at Pengaerfach the outcrop is split into two 
by a ridge of elder beds, One outcrop follows that of the Asaphus- 
tyrannus Beds in the direction of Maesgwyn-isaf, where, like the 
older beds, they are cut off by a fault. The other outcrop occupies 
the low ground between Wern-oleu-fawr and Frowen, stretching 
from Pensarn Quarry on the south to Canerw Quarry on the north. 
West of Frowen the beds run out on the ridge, as the older beds— 
Didymograptus-Murchisoni Flags and Asaphus-tyrannus Ash—were 
said to do. 

Following the northern outcrop of the Asaphus-tyrannus Ash is 
another belt of buff-yellow Dicranograptus-Beds, traceable from 
Nant-yr-eglwys Mill past Maencoch, Llain, Trebleiddiau, and 
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Dyfiryn. At Wern-y-berni they are thrown northwards by some 
obscure faulting, and are well seen at Sarnau, Cwrtau-mawr, and 
Cwrtau-bach. The cut-up character of the ground west of Cwrtau- 
bach and round Llwyn-llwyd and Lan affords abundant exposures, 
but it is often very difficult to trace the relation between the various 
beds. The road near Tycoed and Waungron affords a continuous 
exposure, but fossils are obscured by cleavage. South of Abertigan 
the beds run out in a manner similar to that observed west of 
Frowen. On the north the beds are faulted against Didymograptus- 
Murchison Flags. 

Another belt of these beds follows the Llanglydwen-Abertigan 
outcrop of Asaphus-Beds, and, like them, is cut off by a fault near 
Fron-isaf. 


(6) Calcareous bands.—lt is suspected that there is acalcareous 
development of the buff-yellow weathering mudstones at more than 
one horizon ; but it is quite clear that the most persistent of them 
is very local. Whether this is due to conditions of sedimentation, 
or to subsequent weathering and decalcification, has not been made 
out. 

At the village of Mydrim there is a considerable thickness of 
calcareous beds, some lenticular bands being fairly-compact blue- 
black limestone. A good section of the beds is seen under the 
graveyard, and fossils are abundant: some bands are crowded with 
graptolites of types hitherto unknown elsewhere in South Wales. 
The following have been identified :— 


Leptograptus validus, Lapw. Diplograptus ef. foliaceus, Murch. 
Leptograptus grandis, Lapw. Didynograptus superstes, Lapw. 
Leptograptus latus, Elles & Wood. Climacograptus sp. 
Dicellogruptus cf. sextans, Hall. Glossograptus (2) Hincksii, Hopk. 
Dicranograptus brevicaulis, Elles & Dictyograptus sp. 

Wood. Trinucleus favus, Salt. 
Dicranograptus cf. Nicholsoni, Hopk. Trinucleus sp. 
Dicranograptus rectus, Hopk. Orthis testudinaria, Dalm.; etc. 


Dicranograptus, sp. (new). 


Eastward, these beds are only traceable for a short distance, but 
westward they are more persistent. 

A well has recently been sunk at Oernant-uchaf, cutting through 
most of these beds, and the material brought up has yielded fossils 
of the above description and, in addition, two or three poor specimens 
of Nemagraptus gracilis, Hall. 

At Castell-gorfod the beds have been quarried for lime-burning ; 
but it does not appear that the experiment was attended with much 
success. 

The beds occur at Penlan, but the limestone is very thin. It does 
not come to the surface at all between here and Llain, where an 
occasional slab occurs among the black shales. The same beds are 
seen in a deep ditch immediately west of Trebleiddiau; but they 
are exceedingly rotten, yielding only an occasional slab of compact 
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limestone. Fossils also occur, but it is very difficult to secure a 
good specimen, owing to the extreme friability of the rock. 

At Dyffryn, a quarter of a mile to the north, however, the beds 
are much stronger, and have yielded limestone for lime-burning, a 
portion of the old kiln being still in evidence. The section exposed 
in this old quarry is very instructive, as showing the true relation 
of the limestones to the beds above and below. The several 
alternations of calcareous bands with buff-yellow mudstones and 
shales prove conclusively that the limestones belong to the beds 
below, rather than to the slaty black beds above. 

West of this section the limestones are traceable up the dingle 
towards Sarnau, but they completely disappear before that point is 
reached. 


(y) The black slaty beds.—These form a belt of varying 
width along the northern margin of the ground. They are highly 
cleaved and intensely black, except that in some localities they 
contain a good deal of what appear at first sight to be mica-flakes. 
On closer examination, however, the regular triangular form of 
these tiny bodies points to their organic origin, and it is suggested 
that they are graptolite ‘embryos,’ or what afterwards became 
sicule. 

Although the beds are, as a rule, highly fossiliferous, they have 
yielded little besides graptolites, and these, owing to cleavage, very 
much distorted. Iron-pyrites is also very abundant. There are 
abundant exposures all along their outcrop, and quarries have been 
opened in them at frequent intervals—occasionally for building- 
material, but much oftener for drain-rubble. 

They enter the district at Rhyd-aber-wern near Melin-ricket, and 
are frequently seen up the dingle in the direction of Bwlch, Sarnau, 
Penrheol, and Mydrim, at all of which places they are exposed in 
quarries and otherwise. They are well seen on Llangarthgynin 
Hill, near Trip Bridge, and along the road leading to Caerlleon Farm. 
They are affected by much faulting north of Penlan, and their 
junction with the brown-grey mudstones above has been thrown 
northwards from near Trip Bridge to a point some distance north of 
Melin-dol-goediog. 

They are much in evidence again at Melin-nant-yr-eglwys, where 
they are considerably cut up by faults. Fossils are very abundant, 
but distorted, in Melin-nant-yr-eglwys Quarry. The following 


OCCU i= 

Dicranograptus rectus, Hopk. |  Climacograptus cf. tubuliferus, Lapw 
Dicranograptus Nicholsoni (1) Hopk. Cluadena as sp. ego 
Diplograptus foliaceus, Murch, Glossograptus sp. 


The black beds frequently come to the surface on both sides of the 
Fenni, as far as Llechglawdd, near which place they are abundantly 
exposed, but pass up into higher beds—the brown-grey mudstones— 
in the immediate neighbourhood. 

At Cwm-felin-mynach they are so much cleaved that both bedding 
and fossils are obliterated. From Cwm-felin they are traceable up 
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the dingle south of Waun-rhyddod and Bronysgawen, past Sarnau, 
to Glanrhyd, south of Eglwys-Fair-a-Churig, where they have 
yielded fossils of the Melin-nant-yr-eglwys type. 

South of Fron-isaf the outcrop is shifted for some distance north- 
ward by a fault. From here the black beds follow the lower beds 
normally, and are typically exposed near Sylvania Factory, where 
they have yielded Orthis argentca, His. 

A short distance south of Llanglydwen Station a ‘ lenticle’ of these 
beds has been faulted in among Didymograptus-bifidus Beds, They 
can be well seen near the signal-post, where they have yielded a 
few distorted graptolites anil Orthis argentea, His. They are also 
very pyritous here, as elsewhere. 


(3) Conclusions.—The occurrence of Orthis argentea in these 
shales tends to show that they cannot be of Llandeilo age. 

The late Thomas Roberts reported the occurrence of O. argentea 
at Dyffryn-pwdryn north of Llanboidy and elsewhere, where the 
succession is practically the same as at Mydrim. Mr. Roberts 
presumably found his specimens in the black slaty beds, which are 
the equivalents of the beds at Fron-isaf and Llanglydwen. 

The graptolitic fauna of a considerable portion of these beds is, 
in the opinion of Miss Elles, more characteristic of Llandeilo than 
of Bala-Caradoc age; but further search for fossils, and a closer 
examination of both beds and fossil-forms, will probably bring forth 
evidence showing that the upper portion is of Bala-Caradoc age. 
Until that is done the matter must remain unsettled, 


(f) Bala-Caradoc Rocks. 


Bala-Caradoc rocks of Pembrokeshire type are well developed in 
the district, and are readily divisible into the four groups enumerated 
by Dr. J. E. Marr & the late Thomas Roberts in their paper on the 
Haverfordwest district,’ namely :— 

(a) Robeston-Wathen Limestone.—Limestones and calcareous shales. 
(8) Sholeshook Beds.—Arenaceous limestones. 
(vy) Redhill Beds.—Blue-grey mudstones and shales, with some thin 


sandstone-bands. 
(6) Slade Beds.—Blue-grey mudstones and shales, with limestone-bands. 


(1) South of the Anticline. 


(a) Robeston-Wathen Beds.—These beds are typically exposed 
immediately north of Llandeilo-aber-cowyn, where the Dicerano- 
graptus-Shales are seen passing up. Some of the limestone-beds are 
very compact and break sharply under the hammer, but weather 
into dust. An unusual feature observed here is the occurrence of 
lines of pebbles in some of the beds. The compact limestone is 
fairly fossiliferous, but better specimens can be collected from the 
caleareous shale-partings. (For fossils see the appended list, 
pp. 634-35.) 

1 Quart. Journ. Geol. Soc. vol. xl (1885) p. 478. 
Dee a 
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List or Bata-Liuestone Fossrzs. 


SnotrsHook LrmEsrones. ) 


[ Nov. 1906, 


(Rosurston-WatTHEN AND 


NAMES OF 
SPECIES. 


Nidulites favus, Salt. .............00 
Callograptus sp. ... 

Heliolites inter. stinetus, “Wahl. 
Heliolites megastoma, } MiCoyr var: 
Heliolites inordinatus, Lonsd. . 
Favosites fibrosa, Goldf. ............ 
Pavosites gothlandica, Fougt. ...... 
Monticulipora lens, M‘Coy ......... 
Monticulipora favulosa, Phill....... 
Halysites catenularia, Linn. ...... 
Spheronites stelluliferus, Eichw. 
Syringophyllum organwn, Linn. . 
Petroaa rugosa, Phill. .....2:..2..... 
Petraia equisulcata, M‘ Coy .. erigoere 
Petraia elongata, Phill. nes 
Cyathophyllum articulatum, Wahl. 
Omphyma turbinata, Fougt.......... 
Echinospherites balticus, Hichw. . 
Glyptocrinus basalis, M‘Coy ...... 
Serpulites dispar, Salt. . 

Cornulites serpularius, $ Schloth. . 
Tentaculites anglicus, Salt. = 
Fenestella subantiqua, Onn 
Glauconome disticha, Goldt.......... 
Ptilodictya dichotoma, Port). 
Ptilodictya costellata, M‘ ee Nee 
Beyrichia sp. .... Heer 
Agnostus trinodus, Salt. 

Tllenus Bowmanni, Salt. 


Calymene brevicapitata, Portl. 
Calymene duplicata, Murch. ......... 
Encrinurus punctatus, Briinn 
Encrinurus sexcostatus, Salt. 
Staurocephalus globiceps, Por ie 
Cybele verrucosa, Dahu. 
Cybele rugosa, Portl. . 
Cybele Loveni, Linnrs. 
Spherexochus ‘boops, Salt. . 
Lichas lawatus, M‘Coy . : 
Cheirurus bimucr onatus, Mur ch... 
Cheirurus octolobatus, M‘Coy 
Cheirwrus juvenis, Salt................ 
Trinucleus seticornis, Haton 


Trinucleus fimbriatus, Murch 


Calymene Blumenbachii, Brongn. J) 


Trinucleus, var. Bucklandi, Bary. .| 
Trinucleus concentricus, Eaton ...| 
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Lisr or Fossizs (continued ). 


NAMES OF 


SPECIES. | 


Farmyard. 


g-y-fr 
Moelden. 


Llandeilo-aber-Cowyn. 
) an 


| Cl 
Clog-y-fran Wood. 


Foxhole. 

| Bronhaul. 
Llanddowyvor. 
Trefanty. 
Faynor. 


| 
| Phacops apiculatus, Salt. Es 


x 


| Phacops truncato- caudatus, Portl.. 


| 
Phacops macroura, Sjogren ......... a a ee 
' Phacops Brongniarti, Portl. ...... ieeta eee 
| Asaphus Powisii, Murch. ............ ise) 
Ampyx twmidus, Porbes........ ita as 
| Ampywx rostratus, Sarvs ............... eae 
Remoplewrides sp. .... scpoeual | ere 
Acidaspis Brightii, Murch. ae ea rc 
Homalonotus bisuleatus  ...........| X | X 


xX X 


Homalonotus rudis, Salt. ............ iudaide 
| Orthis calligramma, Dalm. .........| 
Orthis Actomig@, SOW. ........6..2.600ss ees 
Orthis flabellulum, Sow. Sal | 
Orthis porcata, M‘Coy ............4. leer | 

Orchis GifOrata. SCDlOt bec saesmeteee |< W cee) |) ean | cee 
Orthis elegantula, Dalm. ............ | Seal oe | ave, [lena 


Xx 
XX XX 


xx X 


Orthis testudinaria, Dalm. ... 
Orthis vespertilio, Sow.......... 
Orthis striatula, Emmons 8 er coal Pn lee 
Leptena sericea, Sow. ..........205. Vee) aX Ieee 
Leptenn transversalis, Weahllsreres} | 

| Leptena tenuicincta, M‘Coy_...... oe. 

| Leptena quinguecostata, M‘Coy .. a oe a 
| Strophomena rhomboidalis, Wilek. <x 
| Strophomena grandis, Sow. ......... Ser reg | 
| Lingula attenuata, Sow. ...... | 
| Diseina perrugata, M‘Coy 
Siphonotreta micula, M‘Coy 
Holopea concinna, M‘Coy 7 
| Holopea conica, Sow. ............+..| Been | boon] rece fee: 
Eolopetta et. tenwicwcta, MiCoy...) 0. |) 6c.) vee | owe | eee | 
| Turbo rupestris, Hichwald ......... pies 
| Murchisonia sp. Ser | 
Lituites cornu- arietis, ‘Sow. . A Res fl 
Lituites anguiformis, Salt. rel Ace Ih cose eed 
| Cyrtoceras sonax, Saligkesee eae erste eM llee..: 
| Orthoceras vagans, * Salt. i | 
| Phragmoceras nautileum, Sow. Bae ee ete. | 
Ecculiomphalus Bucklandi, Portl. sl” Del ae hiaes 
| Bellerophon bilobatus, Sow.......... Weoda | cas (cou paeee RRO 


} | 


XX X KX 


x x 
x xX 


OXON eS 


xX 


XXX 
xX X 
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x | 
x 


At Foxhole, north of the Cywyn Valley, another good exposure 
occurs, where some quarrying operations have been carried on within 
recent years. ‘The character of the beds is very similar to that of 
those exposed in the lower portion of the section at Llandeilo-aber- 
Cowyn, and the fossil-assemblage presents the same facies. 
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Reference has already been made to the dips at these two 
localities, and to the structure that they suggest (p. 627). 

West of the River Tave the same beds are seen in a quarry near 
Bronhaul. This, probably, is Phillips’s ‘ Upper Moor’ fossil-locality. 
Fossils are fairly abundant and typical. 

The narrow belt of folded-in beds of this age between Moelden 
and Llanddowror does not yield any fresh samples of the rock, and 
the weathered material is slightly different from that furnished by 
these beds elsewhere. 

The beds are not typically exposed at Llanddowror. They are 
undoubtedly represented there, but not well developed. 

At Clog-y-fran, however, beds of Llandeilo-aber-Cowyn type are 
well seen in the farmyard, where they are faulted against Didymo- 
graptus-bifidus Beds and Asaphus-tyrannus Limestones (see p. 599). 
The beds are exposed, in avery rotten condition, near the pond; but 
fresh samples may be obtained from the lane in the field close by, and 
in the yard near the stables. They dip northwards at about 45°. 
Along the bottom of the yard higher beds, with abundance of typical 
fossils, are seen dipping under them. ‘This is another indication of 
the overfold referred to above (p. 614). 

Beds of the same age and of similar character are exposed behind 
the old cottage at Cwm-caedu. Here they are seen to succeed the 
black shales, and they pass up to the next stage in the vicinity. 
Fossils are not abundant, but the few that do occur are of the 
characteristic type. 


(8) Sholeshook Beds.—These differ somewhat from those just 
described, in being much more arenaceous, and generally coarser in 
texture. On weathering, they produce sandstone of fair quality, but 
the material is often nothing better than loose sand. Fossils are, 
as a rule, very abundant. 

The upper part of the section at Llandeilo-aber-Cowyn doubtless 
exposes beds of this age, but they are not so sandy. 

At Foxhole, however, the succession is well seen. I availed 
myself of an opportunity to examine a continuous section from the 
Foxhole exposure to the old quarries on the brow of the hill near 
Trefanty, where the arenaceous beds have been much quarried in 
years gone by. Under ordinary circumstances, the relation of the 
two groups can be clearly made out here. These old quarries have 
yielded many fossils: big slabs have been seen which were covered 
with Trinucleus seticornis, His. and tails of Cybele verrucosa, Dalm. 

These beds are well developed and extensively quarried at 
Llanddowror, 2 miles west of St. Clear’s. They crop out along 
the brow of the ridge running in a north-westerly direction from 
the quarry—through the Gelli Wood, narrowing the valley of the 
Tave near Clog-y-fran Bridge, and rising in a bold bluff on the north 
of the gorge—where they have been more or less extensively 
quarried. ‘hey cross the Tave a short distance south-west of Clég- 
y-fran, a small exposure in the meadow indicating their strike, but 
they appear to be cut off by a fault at no great distance. 
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The beds are much exposed at Faynor, both in quarries and other- 
wise. They come out in the watercourse leading from the yard, 
past the well to the bottom of the dingle, where they are slightly 
disturbed by a fault which cuts them off a little to the south of this 
point. 

About half way up the hillin the direction of Penlan Farm, they 
are again seen in a small quarry where they are nearly horizontal ; 
but in the lane immediately to the north they dip northwards at a 
low angle. The upper beds are seen at Penlan, where they pass up 
into the next stage, the beds of which are here nearly horizontal. 

A. small patch is exposed at Parcau, about half a mile to the west. 
Here the beds dip gently south-westward, and pass up into the next 
stage immediately west of the yard. 


(vy) Redhill Beds.—The arenaceous limestones are seen 
passing up into this stage near Clog-y-fran Bridge. The calcareous 
matter gradually disappears, forming, at last, merely small lenticular 
masses of sandy limestone in blue-grey shaly mudstones. The 
lenticles are generally full of fossils, but the mudstones themselves 
are very barren. ‘These mudstones on weathering assume the 
characteristic olive-green colour. Fossils are usually rare all 
through them, except in isolated patches: that is, there are no 
continuous fossiliferous bands. 

Rocks of this age are abundantly exposed in the south of the 
anticline, and are readily distinguishable from those below; but to 
fix their exact upward limit is not an easy matter, if at all possible. 

At Pare-y-graig, north of Foxhole, a small section of these beds 
is seen in the bank of the Tave, but fossils are very rare here. 
Only a few specimens of Orthis and crinoid-fragments occur. 
Abundant débris is seen on the hill south of Pant-dwfn, under 
conditions which assist in locating the fault that brings the beds 
against Dicranograptus-Shales (p. 629). 

On the west of the Tave the beds are exposed near Morfa-bach 
in two small quarries. In the smaller and lower quarry the beds 
are of the usual type, and fossils are rare. A few stray specimens 
of Leptena sericea, Sow. and fragments of fuvosites occur. This 
section is fairly high up in the series. In the upper quarry are 
bands of weathered limestone, containing crinoid-fragments. There 
is a small thrust from the north shown in section here, and it is 
suggested that the calcareous beds belong to a higher stage. 

In the yard at Lower Cresswell is a small exposure, which has 
yielded a good number of fossils, including :— 


Fawosites fibrosa, Golde. | Calymene sp. 

Ptilodictya dichotoma, Port. | Orthis calligramma, Dalm. 
Hemicosmites rugatus, Forbes. Orthis biloba (2) Linn. 
Illenus Bowmanni, Salt. Orthis elegantula, Dalm. 
Trinucleus concentricus, Haton. | Orthis testudinaria, Dalm. 


Trinucleus ef. seticornis, Maton. | Leptena sericea, Sow. 
| : 
Homalonotus sp. Orthoceras gracile, Portl.; ete. 
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The beds are also frequently exposed near Moor, Tadil, and 
Maesygrove. In the watercourse between the latter place and 
Moelden, the beds are traceable to within a short distance of the 
Dicranograptus-Shales, indicating pretty nearly the locality of 
the fault. The beds are also well seen at Maeslan and in the 
Pen-y-graig and Cwmdwr lane, dipping northwards at both places, 
and broken by faults seen in section in the lane. 

Near Talfan Cottages is a small quarry on the roadside, where 
the beds are somewhat coarser in grain and dipping northwards. 
They are faulted against lower beds on the north and south, in 
the immediate vicinity.  Favosites jfibrosa, Goldf.; Phacops ct. 
macroura, Sjogren; Trinucleus concentricus, Eaton; Orthis calli- 
gramma, Dalm., ete. occur here. 

The lane leading to Talfan affords a continuous exposure, but 
fossils are very rare. Here the beds are faulted on the south against 
Dicranograptus-Beds, and on the north, a short distance from the 
farmyard, against Sholeshook Limestone ((). 

There are several exposures near Felin-ban. The one on the road 
leading to Cnycau shows the beds in contact with the Old Red 
Sandstone, and dipping southwards at a high angle. It is probable 
that a small thickness of beds of the next stage is present here. 
The character of the rock and the fossils suggest as much. 

A quarter of a mile up the road the Llanddowror limestone comes 
out with a low southerly dip. This is seemingly a portion of the 
Llandeilo-aber-Cowyn anticlinal fold. The ground is, however, 
much cut up by faults about here. 

At the entrance to Penlan the beds are almost horizontal. An 
exposure of 200 yards or more along the road in the direction of 
Cnycau shows the gradual steepening of the dip, but fossils are 
very rare. 

West of Parcau the beds are frequently exposed. Sections are 
seen in the lane leading to Pont Parcau. The few fossils that do 
occur are of the usual type. 

Exposures are abundant near Penlan, Faynor, and Pentrehowel, 
and in the woods near Teiau-bach. The road-exposure west of 
Pentrehowel has yielded 


Favosites fibrosa, Goldf. Orthis flabellulum, Sow. 
Ptilodictya dichotoma, Portl. Orihis biforata, Schloth. 
Trinucleus concentricus, Katon. Leptena sericea, Sow. 
llenus sp. Cyrtoceras sp. 


Orthis calligramma, Dalm. 


The beds occur also at Clég-y-fran, where they are much disturbed 
by folding and faulting. Along the lane to the south the dip 
continually varies, and a little fold is seen in section in a small 
exposure in the field at the bend in the road. A few yards to the 
south-west the beds are faulted against the arenaceous limestones, 
having been thrown down quite 100 feet. Fossils collected in this 
locality include :— 
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Favosites fibrosa, Goldf. Orthis calligranma, Dalm. 
Hemicosmites rugatus, Forbes. Orthis elegantula, Dalm. 
Hemicosmites oblongus, Pander. Orthis testudinaria, Dalm. 
Petraia sp. Orthis biforata, Schloth. 
ce fragments. Leptena sericea, Sow. 

Calymene of. Blumenbachii, Bronen. Leptena tenuicincta, M‘Coy. 
Phacops cf. Brongniarti, Portl. Ecculiomphalus Bucklandi, Portl.; 
Homalonotus bisulcatus, Salt. ete. 


(6) Slade Beds.—These beds are well represented in the area, 
but the line separating them from those of the stage below cannot 
be drawn with any degree of confidence, the upward passage being 
very gradual and devoid of any definite dividing-break. The 
mudstones and shales are undistinguishable from those of the 
Redhill Series, but the bands of limestone (usuaily weathered) 
which occur in them, and the typical assemblage of fossils in the 
higher part, are the only indications available that the higher stage 
has been reached. 

It is very probable that beds of this age occur near Heol-down, 
and Lower Cresswell, and also on Maesgwrda Hill, but there is no 
satisfactory exposure. There is, however, a good little section in 
an old quarry west of Cwmdwr, near, Llanddowror, where some 
bands of calciferous shales and mudstones are exposed. The rock 
is much crushed, and dips south-westwards. Some bands are 
crowded with Favosites fibrosa, Goldf. and Phyllopora Hisingers, 
M‘Coy. Other fossils occurring here are :— 


Crinoid-fragments. Glauconome disticha, Goldf. 
Tentaculites anglicus, Salt. Strophomena rhomboidalis, Wilck. 
Lilenus sp. Leptena sericea, Sow. 


Calymene Blumenbachti, Brongn. Orthis elegantula, Dalm.; ete. 


Trinucleus seticornis, Katon. 


There are several good exposures near Redgate; one in the wood 
to the north shows one of the bands of limestone, which is very 
rotten here, but crowded with fossils. 

The same beds come out on the main road, at the first rise to the 
west, These sections have yielded crowds of Fuvosites fibrosa, 
Goldf. and Phyllopora Hisingeri, M‘Coy: Trinucleus seticornis is 
also very common. Other fossils collected here are :— 


Glyptocrinus basalis, M‘Coy. | Strophomena rhomboidalis, Wilck. 
Tentaculites anglicus, Salt. (abundant). 
Calymene Bluimenbachti, Brongn. Leptena sericea, Sow. 
Tlenus Murchisoni, Salt. | Leptena quinguecostata, M‘Coy. 
Lllenus Bowmanni, Salt. | Orthis calligramma, Dalm, 
Trinueleus concentricus, Eaton. Orthis testudinaria, Dalm. 
Glauconome disticha, Goldf. Orthis porcata, M‘Coy. 

| Orthis elegantula, Dalm. 


The same bands are again exposed near Pant-y-iar, where fossils 
of the usual type are fairly abundant. 

At Cnycau there is a roadside section showing some very 
fossiliferous mudstones and bands of rotten shelly limestones. 
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The former contain crowds of Leptena sericea, Sow.; and the latter 
are almost entirely composed of Orthis, chiefly O. testudinaria, 
Dalm. 

These bands come out on the western side of Cwm-pal and in 
the wooded ground near Dol-dderwydd. One band in particular, 
composed of crowds of Orthis, is seen in the Old Pale lane, where it 
reaches the top of the hill: this is probably the same as the 
Cnycau Orthis-limestone. The fossils collected from it are: 


Orthis testudinaria, Dal. | Orthis elegantula, Dalm. 
Orthis biforata, Schloth. Leptena quinguecostata, M‘Coy. 
Orthis calligramma, Dalm. 


Forest Tunnel has been excavated in beds of this age, and here 
some of the limestone-bands are unweathered and full of fossils. 
The dip here is almost vertical, and the beds are faulted against 
Didymograptus-bifidus Beds on the north and against striped Lower 
Llandovery (?) Flags on the south. The beds are traceable for about 
200 yards westward, on both sides of the Tave, and then they 
disappear entirely, being cut off by a fault. The fossils include :— 


Favosites fibrosa, Goldf. Trinucleus concentricus, Eaton. 
Phyllopora Hisingeri, M‘Coy. Strophomena rhomboidalis, Wilck. 
Petraia sp. (very abundant). 

Tentaculites anglicus, Salt. Strophomena corrugatella, Dav. 
Calymene Blumenbachii, Brongn. Leptena sericea, Sow. 

Itlenus sp. Orthis biforata, Schloth. 

Trinucleus seticornis, Haton. Orthis testudinaria, Dalm.; ete. 


A slice of these beds has been faulted down among Didymograptus- 
bifidus Beds at Forest: they are exposed at Forest Farmyard, and 
at intervals between that place and a point south of Pant-y- 
gwenyn. The fossils (which abound) are of the Tunnel type. 


(2) North of the Anticline. 


The black slaty Dicranograptus-Shales are succeeded, north of 
the anticline, by brown-grey mudstones, grits, and sandstones, in 
all of which fossils are extremely rare—a few specimens of Orthis 
being all that has been discovered in them. They possess no 
character in common with the beds that succeed the Dicranograptus- 
Beds on the south. They are somewhat like beds of the Redhill 
stage, but much more like the Great Pale beds which will be dealt 
with below. Their age must remain therefore an open question, till 
further work has been done among them and more fossils discovered. 


(g) Lower Llandovery (?) Rocks. 


The last series (0) of beds pass up into conglomerates, grits, and 
sandstones, with blue-grey mudstone partings. The conglomerates 
are seen in situ at Pant-y-mwswm, and are here about 8 feet thick. 
These are succeeded by grits and grey sandstones, well exposed 
at Greystones. There are very few localities where these beds 
can be seen in place, but their outcrop can be readily traced by 
means of abundant loose blocks and débris. This strikes a more or 
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less irregular curve along the eastern brow of ‘ Pale Mountain, 
between Greystones and Dol-dderwydd, where the beds are cut off 
by a fault. 

Members of the series are seen near Forest Tunnel and in the 
wooded ground north of Great Pale. A thin band of mudstones 
cropping out in the wood has yielded some fragments of fossils 
including Orthis, Atrypa (?), and trilobites (Acidaspis Brightui? and 
Trinucleus ?). 

The grits have been quarried in Pale Wood and at Penygraig. 
West of the latter place they are either faulted out, or overlapped 
by the Old Red Sandstone; but they are well exposed again in 
Middleway Dingle and in Penyback Quarries, south of Whitland. 
In the quarries the beds are vertical, and exhibit beautiful samples 
of ripple-marks, which give a clue as to the conditions under which 
they were laid down. Fossils are extremely rare in these beds— 
so much so, that with the exception of the specimens found in 
Pale Wood, only one or two poor unidentifiable fragments have 
been discovered. 

Whether these beds are of true Lower Llandovery age has not 
been definitely settled; but it is quite clear that they are younger 
than the Bala rocks of this region, and older than the Old Red 
Sandstone, under which they are seen to pass at several points. 


IV. Conctupine Remarks. 


It is deemed unnecessary to take up any space for correlation, 
for most of the beds agree closely with the beds of other Welsh 
areas, Which have been carefully and fully worked out by various 
authors. 

The Tetragraptus-Beds are, in most respects, in complete 
agreement with those beds at St. David’s, the fauna at Blaencediw 
being identical with that found at Whitesand Bay (Miss Elles). 

The Didymograptus-bifidus and D.-Murchisoni Beds of this region 
are, lithologically, very similar to those beds as exposed at Llanvirn 
and Abereiddy, and the two faunas are practically identical. 

The Asaphus-tyrannus Beds, although varying much in lithological 
character, agree paleontologically with beds of that age in the 
typical areas of Llandeilo and Pembrokeshire. 

The Dicranograptus-Beds are like those of Pembrokeshire in 
some respects, but there is one feature that calls for special 
remark. Miss Elles says that Leptograptus-Beds were not known to 
occur in South Wales till they were discovered at Mydrim. These 
beds, she says, are on the same horizon as the Rorrington Flags of 
Shropshire. 

The three lower members of the Bala-Caradoc Series of this area 
are so like the Robeston-Wathen, the Sholeshook Limestones, and 
the Redhill Beds of Messrs. Marr & Roberts, that they could 
hardly be mistaken by anyone that had seen those beds in 
Pembrokeshire. There is, however, a slight lithological difference 
between the fourth member (6) and the Slade Beds of Haver- 
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fordwest. Yet their relative position, general character, and fossil- 
contents render their identification fairly certain. : 

The beds to which a Lower Llandovery age has been assigned, 
being singularly barren, are like beds of that age elsewhere in their 
very barrenness. I feel convinced that their proper place has been 
allotted to them, but cannot satisfactorily express the reasons that 
form the basis of this conviction. 

Some work on the belt of ground that lies to the north of the 


area now described will, it is believed, throw much light on 
this matter. 


In conclusion, I desire to state that when this work was in 
its earlier stages I received much valuable advice from the late 
Dr. Henry Hicks, F.R.S. I also desire to express my indebtedness 
to Miss G. L. Elles, D.Sc., who very kindly examined and identified 
some of my graptolites, and made valuable suggestions as to the age 
of the rocks from which the graptolites had been collected. 

It is right that I should also express my obligations to those 
landowners and landholders who very kindly and readily granted 
me permission to go over their land, and otherwise helped me 
with the work; also to many farmers and others who rendered me 


assistance with pick and spade, and in collecting a large number of 
fossils. 


EXPLANATION OF PLATE XLVI. 


Map of the Ordovician rocks of Western Caermarthenshire, on the 
scale of 1 inch to the mile. 


Discussion. 


The Cuarrman (Mr. A. Srrawan) considered that this paper 
showed evidence of long and careful work in the field. Almost 
unassisted, the Author had succeeded in identifying the zones and 
unravelling the structure of a most complicated bit of Ordovician 
ground. When the officers of the Geological Survey entered the 
region in 1903, he not only placed all his knowledge at their disposal, 
but continued his work in close association with them—to their 
great mutual advantage. Pressure, however, had been put upon 
him to bring his results before the Geological Society of London, 
and thus get full credit for his own researches. 

The ground which the Author had examined was partly the same 
as that described in a paper compiled by Dr. Marr from notes left 
by the late Mr. Thomas Roberts, and published in the Quarterly 
Journal in 1893. Roberts’s work, so far as it went, was excellent, 
but he had made no more than a commencement of his investigation 
of the district when he died. 

Mr. T. C. Canrritx thought that one of the most important points 
in the paper was the identification of Nemagraptus gracilis in the 
limestone which, at Mydrim, separates the brown-weathering 
Dicranograptus-Shales below, from the black Dicranograptus-Shales 
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above. This discovery by the Author appeared definitely to prove 
the presence in South Wales of beds of Glenkiln age, and suggested 
the possibility of the shales overlying the limestone being referable 
to the Hartfell Group. The Author’s record of Dicranograptus 
Clingant from these beds tended to confirm that supposition. 

The Author placed the Robeston-Wathen Limestone below that 
of Sholeshook, and regarded them as calcareous developments of the 
Dicranograptus-Shales and Redhill Beds respectively ; and this was 
in agreement with the view expressed by Marr & Roberts in their 
paper on the Haverfordwest district. 

Miss G. L. Erres remarked on the great skill shown by the 
Author in the working-out of a complicated area. He had sub- 
mitted some of his graptolites to her, and the evidence afforded by 
them merely confirmed the results arrived at by him on independent 
grounds. 

With regard to the question as to how much of the Dicrano- 
graptus-Shales should be regarded as of Bala (Hartfell) age, she was 
inclined to think that a considerable portion of them contained a 
fauna more allied to that of the Llandeilo (Glenkiln). There 
appeared to have been some confusion between Dicranograptus 
rectus, 2 characteristic and common Glenkiln form, and Dicrano- 
graptus COlingani, an equally-characteristic but far less common 
Hartfell species; hence beds containing a typical Glenkiln fauna 
seemed in some cases to have been relegated to too high an horizon. 

Mr. H. H. Tuomas, in reply, thanked the Fellows on behalf of 
the Author for their kind reception of the paper; he agreed with 
Mr. Cantrill and previous speakers on the great importance of 
the Author’s work in so complicated a district. The Author fully 
realized the great value of Thomas Roberts’s work, which had been 
of considerable assistance to him. The Author had submitted to 
the speaker specimens of the igneous rocks from Llanboidy and 
Dolwilym, which are both ophitic diabase. The Llanboidy rock is 
very much decomposed; but the Dolwilym rock is much fresher, 
and is characterized by the presence of pseudomorphs atter a 
rhombic pyroxene, a mineral not very common in the Pembroke- 
shire minor dykes. It is likely that these masses belong to the 
same intrusion, but this is impossible of proof, except from a study 
of the field-relations. 
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TI. Lyrropvucrion. 


(A) Historical Review. 


SrrercHine southward for 70 miles from the shores of the Irish 
Sea near Conway in North Wales, through Denbighshire and 
Montgomeryshire into the central parts of Radnorshire near Llan- 
bister, there sweeps a continuous band of massive greywackés, 
flagstones, and shales, known to geologists as the Denbighshire Grits 
or Flags. This arenaceous formation is from 1000 to 3000 feet in 
thickness, and is acknowledged on all hands to be of Wenlock age. 

Rising out from beneath the Denbighshire Grits, and inter- 
vening between them and the older rocks which are at present 
assigned to the Llandovery and Bala, there occurs a series of rela- 
tively shaly strata which are distinguished on the Geological-Survey 
maps by a special tint of purple, and are indicated upon the 
legends as ‘ Tarannon Shales.’ They are laid down on the maps as 
forming a narrow belt, seldom exceeding a quarter of a mile in 
width and entering into all the sinuosities of the outcrop of the 
lower margin of the Denbighshire Grits. 

Although these so-called ‘Tarannon’ Beds were not mapped as 
constituting a distinct formation until 1855, their peculiar mineral 
characters—‘ fine, smooth, slaty strata, grey or light blue, occasion- 
ally slightly sandy, and alternating with purple bands’ 1—had not 
escaped the attention of the earlier geological workers in Wales. 
As early as 1843 Sedgwick and Salter had noticed in the Berwyn 


* Sir Andrew Ramsay, ‘Geology of North Wales’ Mem. Geol. Sury. vol. iii 
(1866) p. 207. 
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Hills certain ‘ pale-coloured earthy slates’ which ‘seem to pass 
without a break into the overlying Denbigh Flagstone.’?! From 
the fact that they were aluminous and readily disintegrated these 
‘slates’ were often referred to in the field by Sedgwick as the 
‘paste-rock.’? At that time he and Salter regarded them as ‘ beds 
of passage” between the Cambrian and Silurian. 

In the year 1854, however, Sedgwick having arrived at the 
conclusion that, in the Berwyn Hills and elsewhere, there was an 
unconformity between his Cambrian and Silurian systems marked 
by the absence of the May Hill Sandstone, relegated these ‘ paste- 
rocks’ to a lower horizon, and placed them ‘very nearly at the 
crown of the whole Cambrian series,’ * that is to say at the top of 
the Bala formation. 

In the Ist edition of the Geological Survey maps of Wales (1850) 
no attempt was made to show these ‘pale slates’ as a distinct 
formation, and they were included in the ground coloured as Bala. 
At a later date, however, Jukes & Aveline,* observing them to 
pass naturally upwards into the Wenlock and Denbigh Beds, came 
to the conclusion that they belonged rather to the Wenlock forma- 
tion and were therefore of Upper Silurian age. 

In the further survey of Wales (1855) Aveline discovered proofs 
that what appeared to be similar ‘ pale slates’ rise out from below 
the Wenlock Shales farther south, namely, near Newbridge, 
west of Builth, and near Llandovery; at both of these localities 
they follow conformably upon Upper Llandovery strata. This led 
Aveline to regard the ‘pale slates’ as a distinct formation, and to 
map them as a practically-continuous band all along the western 
border of the Wenlock Shales and Denbighshire Grits, from Conway 
on the north to Llandeilo on the south. He indicated them on the 
maps by a special tint of colour, and named them ‘ Tarannon Shales,’ 
from the river-valley of Tarannon in Montgomeryshire where they 
were well developed. In this district of Tarannon he inferred that 
they follow unconformably on Lower Llandovery shales and grits. 

Although the band coloured as ‘Tarannon Shales’ was thus laid 
down upon the maps and sections of the Geological Survey in 1855, 
it was not until 1866, when the Ist edition of Ramsay’s ‘ Geology of 
North Wales’? was published, that any official description of these 
beds appeared. In that work the characters and relationships 
of the ‘Sarannons’ throughout Wales were described, and their 
thickness was estimated at 1000 to 1500 feet. Their stratigraphical 
position, as then understood, may be summarized in Ramsay’s own 
words :— 

‘In the country near Llandovery (Noeth Grug, ete.) and west of Builth the 
shales lie directly, and apparently conformably, on the Upper Llandovery 


Beds, A little further north the Tarannon Beds overlap the Upper Llan- 
dovery strata, and between that point and the mouth of the Conway in North 


1 Quart. Journ. Geol. Soe. vol. i (1845) p. 14. 

2 Phil. Mag. ser. 4, vol. viii (1854) p. 307, footnote. % Ibid. loc. cit. 
4 «Phe Geology of North Wales’ Mem. Geol. Sury, vol. iii (1866) p. 4 

g) Lhid. pp: 16, 207-208. 
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Wales they lie transgressively and quite unconformably on various members 
of the Lower Silurian Series. On the other hand, both in Wales and Shrop- 
shire, they pass conformably under the lowest beds of Wenlock Shale, with 
which undoubtedly they are intimately connected.’ 


Beyond an occasional reference to the ‘Tarannon Shales’ in 
various memoirs and text-books, no subsequent stratigraphical 
account of this band has been published. 

Thus, if we rely solely upon the descriptions and maps of the 
Geological Survey, the ‘Tarannon Shales’ as a group must be 
younger than the Upper Llandovery and older than the Wenlock 
Shale. But whether these ‘ Tarannon Shales’ answer to the whole 
or only to a part of the period intervening between the Upper 
Llandovery and Wenlock, or whether their alliances are more with 
the former than with the latter, or vice versa, are questions which 
cannot be determined from the stratigraphical evidence hitherto 
published, 


Neither at the time when the ‘Tarannon’ Beds were originally 
mapped, nor for many years after, were any fossils obtained from 
these rocks. It was impossible, therefore, for the geologist either 
to estimate their systematic range in geological chronology, or to 
recognize their equivalents elsewhere. 

Southern Scotland.—the first light upon the paleontological 
side of the question came from Scotland. In the year 1870 
Prof. Lapworth’ described a massive series of strata, overlying the 
Black Shales of Moffat and characterized by a special graptolitic 
fauna, under the title of the Gala Group. He divided this group 
into :—(1) Abbotsford Flags, (2) Gala Grits, (3) Buckholm Grits, 
and (4) Grieston Beds. Founding his correlation on the view (then 
generally received) of the Upper Llandeilo age of the underlying 
Moffat Shales, he assigned the Gala Group to the Caradoc or Bala. 

In the year 1878 * he published the results of his graptolitic zonal 
work on the Moffat Series, showing that it included not only the 
Upper Llandeilo but also the Caradoc and Lower Llandovery. 
Thus he carried up inferentially the base of the Gala to the Upper 
Llandovery ; and, further, since he had already shown in his 
paper on the Scottish Monograptide * that the highest beds of the 
southern representative of this Gala Group (Hawick Beds) pass up 
conformably into the Riccarton (Wenlock) Beds, the Gala Group as 
a whole should not only include the Upper Llandovery, but also the 
representatives of the Tarannon. 

In the year 1879 Prof. Lapworth * discovered fossils in the band 
of ‘Tarannon Shale’ of the Geological-Survey maps at Conway 
(North Wales), and these forms included several of the graptolites 


\ Trans, Edin. Geol. Soe. vol. ii (1869-74) p. 46, & Geol. Mag. vol. vii 
(1870) pp. 204-209 & 279-84. 
* Quart. Journ. Geol. Soc. vol. xxxiv (1878) pp. 240, ete, 
: Geol. Mag. io vol. iii (1876) pp. 308, ete. 
Ann. & Mag. Nat. Hist. ser. 5, vol. v (1880) p. 367, & vol. vi (1880 
pp. 200 & 204. ) p, 807: Spe ia 0) 


Vol. 62.] TARANNON SERIES OF TARANNON. 647 


characteristic of his Lower Gala Group of the South of Scotland, 
as distinct from those of the Moffat Shales (Upper Llandeilo— 
Llandovery) below, and the Riccarton (Wenlock) Beds above. 
Therefore, in the following.year (1880), he was able to assert, in 
his paper on the ‘ Geological Distribution of the Rhabdophora,’ 
that the 


‘Tarannon Shale of Wales... . occupies the systematic place of the Gala 
Group, to which, however, it is vastly inferior in vertical thickness and in the 
richness and variety of its graptolite-fauna.’ (Op. cét. vol. v, p. 3867.) 


In the Table at the end of that paper (vol. vi, p. 204) he assigns the 
whole of the Gala or Queensberry Group and its equivalents in 
Girvan to the Tarannon age, and divides the Scottish Tarannon 
rocks into three graptolitic zones (op. cit. p. 200):—(1) Rastrites 
maximus, (2) Monograptus exiquus, and (3) Cyrtograptus Graye ; 
the first of which he considers ‘ must be regarded as the zone of 
transition’ between the Tarannon (Gala) and the preceding Llan- 
dovery (Birkhill) formations. These views have subsequently been 
generally adopted by stratigraphists—with the exception, however, 
that in most stratigraphical papers the zone of Zastrites maximus 
is wholly assigned to the Upper Birkhill. 

But here it must be borne in mind that the assignation of these 
three graptolitic zones to the Tarannon age was, to a certain extent, 
a matter of inference, based mainly upon the facts that Lower Gala 
fossils had been found at Conway and that the zone of Cyrtograptus 
Murchisoni constituted the base of the Wenlock at Builth and 
elsewhere. 


North Wales.—A certain amount of additional light was thrown 
upon the position of the ‘ Tarannon Shale’ by the paleontological 
discoveries in the older Llandovery and the newer Wenlock Beds in 
North Wales. 

In 1880 Dr. Marr! reported Birkhill graptolites from the beds 
immediately underlying the strata mapped as Tarannon Shales at 
Cerrig-y-druidion. 

At a later date (1893) Mr. Lake and Prof. Groom recorded 
Birkhill graptolites from the strata underlying the ‘Tarannon 
Shales’ in the Corwen district; and in the following year (1894) 
Mr. Lake demonstrated the conformity of the local Tarannon to 
the overlying Wenlock Beds with Cyrtograptus Murchisoni.” 

In 1895 the ‘ Tarannon Shales’ of Conway were re-examined by 
Miss Elles and myself* and were found to contain the distinct 
faunas of the two zones of Rastrites maximus and Monograptus 
CxUguus. No trace, however, was found of an Upper Gala fauna, 
although Cyrtograptus Murchisonti was found in the Wenlock 


Beds above. 
1 Quart. Journ. Geol. Soc. vol. xxxvi (1880) pp. 277, ete. 
2 hid, vol. xlix (1893) p. 426, & vol. li (1895) p. 9. 
3 [hid. vol. lii (1896) pp. 278, ete. 
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Central Wales.—Turning now to Central Wales, we find that 
the whole of the country lying west of the outcrop of the ‘ ‘Tarannon- 
Shale’ band, as far as the coast of Caerdigan Bay, is shown upon 
the Survey-maps to be occupied by strata coloured as of Lower 
Llandovery and Balaage. The rocks of this great range of country 
were first described in outline by Sedgwick?! (1847), and were 
divided by him into three groups :—the Aberystwyth Beds on the 
west, the Plynlimmon Grits in the centre, and the Rhayader Slates 
on the east; but no boundaries were laid down between these 
three divisions, and no fossils were recorded from them. 

The first important piece of paleontological work in these beds of 
Central Wales was done by Walter Keeping? in 1880. He adopted 
in the main the three great geographical divisions of Sedgwick, 
but divided the Plynlimmon Grits into two groups—a lower or 
Metalliferous Slate group and a higher, the Plynlimmon Grits. In 
the Aberystwyth Grits and Metalliferous Slates he discovered 
numerous graptolites, which were identified by Prof. Lapworth and 
shown to be characteristic of the Upper Birkhill Beds of the South 
of Scotland. Keeping, therefore, was of the opinion that nearly 
the whole of Central Wales was made up of rocks of Upper 
Llandovery age, much folded and contorted, and he suggested that 
the Plynlimmon Grits and underlying Rhayader Pale Shales which 
overlay the Metalliferous Slates at Rhayader should be assigned 
to the Tarannon horizon. 

In the course of his researches in Central Wales, Keeping visited 
the Llanbrynmair-Tarannon district and briefly described the 
succession of the beds there exhibited. He recognized three main 
groups :— 


(1) The Denbighshire Grits at the top. 


(2) The Tarannon Shales, in which he discovered some ‘ obscure fragments 
of graptolites.’ 


(3) The Metalliferous Group, fully developed in the Pennant Valley and 
containing characteristic Upper Birkhill fossils. 


He observed that, in this district, the ‘Tarannon Shale’ is 
separated from the Metalliferous Group by a zone of grits (Lower 
Llandovery Grits of the Geological Survey), which he found difficulty 
in correlating with the other main grit-masses of Central Wales, 
namely, the Aberystwyth and Plynlimmon Grits. He regarded 
them as a local and arenaceous upper part of his Metalliferous 
Group, and he agreed with the Survey in considering that an un- 
conformity existed between them and the Tarannon. 

The most important recent work on the beds of Central Wales is 
that by Dr. Herbert Lapworth,* who in 1899 discovered in the neigh- 
bourhood of Rhayader, following on local Bala rocks, three distinct 
stratigraphical groups—(1) the Gwastaden, which he assigned to 
the Lower Llandovery, (2) the Caban to the Upper Llandovery, and 
(3) the Rhayader Pale Shales to the Gala-Tarannon. His Lower 


1 Quart. Journ. Geol. Soe. vol. iii (1847) pp. 152-53. 
2 Thid, vol. xxxvii (1881) pp. 141, ete. 
* Ibid. vol. lvi (1900) pp. 67, ete. 


Vol. 62.] TARANNON SERIES OF TARANNON, 649 


Llandovery contained the graptolitic zones of the Lower Birkhill 
of Scotland, his Upper Llandovery those of the Upper Birkhill 
(with the exception of the zone of Rastrites maximus), while the 
Rhayader Pale Shales which followed contained fossils of the zones 
of Rastrites maximus and of Monograptus exiguus. 


Summarizing the facts and conclusions hitherto arrived at with 
respect to the ‘‘arannon’ in Wales, we may regard it as estab- 
lished that the ‘'Tarannon-Shale’ formation, as shown on the 
Geological-Survey map at Conway, includes the zones of Lastrites 
maximus and Monograptus eaiguwus, and that the lowest graptolitic 
zone of the succeeding Wenlock formation throughout Wales is that 
of Cyrtograptus Murchisoni. As yet, however, we have no proof that 
the ‘ Tarannon’ contains the third and highest graptolitic Gala zone, 
namely, that of Cyrtograptus Grayce; nor do we know whether the 
‘Tarannon-Shale’ band, as mapped, includes strata of the same age 
allalong its course. Further, the discovery of Dr. Herbert Lapworth 
in the ‘Pale Shales’ of Rhayader of the two fossiliferous zones 
which mark the ‘ Tarannon Shale’ of Conway, far to the south and 
west of the band mapped as Tarannon in Central Wales, carries 
with it the implication that here the Tarannon extends much farther 
westward than is shown on the published maps. 


About midway along the course of the ‘Tarannon’ band, and 
south-east of the village of Llanbrynmair, a long promontory formed 
of Denbighshire Grits and ‘ Tarannon Shale’ is mapped as running 
out from the main mass of Denbighshire Grits and extending 
southward from Llanbrynmair to Stay-a-little, a distance of some 
6 miles. This is shown by the outcrops and dips to be a syncline, 
its centre being occupied by Denbighshire Grits and its flanks 
by the ‘Tarannon,’ while the surrounding and underlying strata 
are mapped as continuous with the so-called ‘ Lower Llandovery,’ 
which spreads out over the main part of Central Wales. 

As in this district the ‘Tarannon Shales’ fringe the Denbigh- 
shire Grits on its eastern, western, and southern borders, there 
is per unit of area a greater length of boundary-line available for 
study than anywhere else along the course of the ‘ Tarannon’ band. 
Further, this ought to be regarded as the typical area of the 
‘Tarannon Shales, for they received their name from the small 
river of ‘'arannon, which rises near the centre of this basin-shaped 
outlier and flows south-eastward down its longer diameter. And, 
finally, not only is this Tarannon promontory important as being 
the area where we should presumably expect to find the typical 
development of the ‘Tarannon’ strata; but here the sequence 
appears from the map to be of more than ordinary simplicity, while 
the physical features afford especially-favourable opportunities for 
the study and examination of the rocks in the field. 

On these grounds Prof. Lapworth selected this district, many 
years ago, as that in which the detailed lithological and paleonto- 
logical succession of the ‘Tarannon’ formation should be sought for; 
and, after the publication of Dr. Herbert Lapworth’s paper on the 

2Y 2 
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Silurian Sequence of Rhayader, he suggested that I should take up 
this special Tarannon work, 

For the last four years I have spent my available leisure in 
working out the stratigraphy of this Llanbrynmair-Tarannon area, 
and in collecting and identifying the fossils of its recognizable 
zones. The present paper embodies the results that I have obtained 
in the district. 


(B) The Tarannon District. 
(1) General Topography. 


The Llanbrynmair-Tarannon district, as described in the present 
paper, includes an area which covers some 22 square miles. It is 
well defined on two sides by physical features. Its western margin 
is constituted by the valley of the Afon Twymyn, a river which 
flows almost due north for a distance of nearly 6 miles from Dyliffe 
to Llanbrynmair Station, at which place it turns abruptly westward 
to join the Dyfi at Cemmaes Road. Its north-eastern margin is 
formed by the transverse valley of the Afon Jaen, a tributary of the 
Twymyn, and along this valley run the main road and the railway 
from Llanbrynmair to Carno. The south-eastern margin, on the 
other hand, is a purely-arbitrary one as regards physical features, 
and may be roughly defined by a line drawn from the New Inn, 
Stay-a-little, to Carno across the bills of Esgair-drain-llwyn. 

The central part of the district is occupied by an elevated table- 
land, which is cut off from the main tableland of the Denbighshire 
Grits on the north by the transverse valley already mentioned. It is 
intersected by a second transverse valley which partially separates 
the heights of Newydd Fynyddog on the north from the moors of 
Tarannon proper on the south. This tableland attains in a few 
places an elevation of 1600 feet, and forms a rolling upland covered 
tor the most part with coarse grass, the monotony being broken here 
and there by rocky exposures, dry stretches of bracken and heather, 
peat-stacks, or rushy hollows where the spongy moss stores up the 
rainfall in treacherous bogs. Flocks of sheep find pasturage on the 
moorland, and the loneliness of the scene is relieved by an occa- 
sional farmhouse nestling on the sheltered sides of the valley. 

Everywhere along its western side the Tarannon moorland 
plateau descends abruptly into the well-wooded and cultivated 
valley of the Twymyn the slope being sometimes rounded and 
grass-covered, sometimes precipitous and craggy. But westward 
beyond the valley of the Twymyn rise the bare crags of the 
‘Pennant Metalliferous Slates,’ gloomy and forbidding, with long 
slopes of barren scree stretching down to the river, and forming a 
marked contrast with the green restful undulations of the Tarannon 
Hills to the eastward. 

North of the Tarannon moorland rises Newydd Fynyddog. 
This is a fine heather-clad height falling abruptly on all sides 
especially on its northern face, where it descends through bracken- 
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ee and wooded steeps into the narrow valley of the Afon 
aen. 

All along the north-eastern side of the area, towards Carno, 
however, the slopes are less conspicuous, and on the whole more 
gentle. 

To the south the Tarannon moorland continues in an unbroken 
stretch, far beyond the limits of this district. 

The district is well watered, and abundant rock-sections are 
exposed both in the more open valleys of the main rivers and in 
the gorge-like clefts of their smaller tributaries. As already indi- 
cated, the western and northern slopes of the tableland are drained 
by the Twymyn and Iaen respectively, these being tributaries of 
the Dyfi. From the southern and western declivities, on the other 
hand, the water flows through the rivers Clwyddog, Tarannon, and 
Garno, and their tributaries into the Severn. Thus a line passing in 
a direction from north-north-east to south-south-west across the 
northern end of the Tarannon tableland forms part of the watershed 
separating the two important river-systems of Caerdigan Bay and 
the Bristol Channel. 


(2) General Geology. 


The rocks of the Tarannon district are, on the whole, of the 
usual greywacké type. They consist mainly of shales and mudstones, 
varying in colour from light grey to black, with occasional bands 
of pale green and purple. These are interstratified, however, with 
more arenaceous beds—greywacké-flags, felspathic and quartzose 
grits—ranging in thickness from a fraction of an inch up to 
4 or 6 feet. The grits are, for the most part, fine in texture, 
and are nowhere coarse enough to be termed conglomerates. The 
monotonous pale and dull colour of the beds is relieved by the 
weathering of many of the shales, mudstones, and grits to reddish 
brown and brilliant orange, due to the amount of iron present in 
the rocks. 

Considered as a whole, the geology of the district is fairly simple. 
The highest beds met with are the grits and flags of the Denbigh- 
shire Series, which spread out in gentle undulations over the cen- 
tral and northern parts of the tableland. These pass down into shales 
and mudstones containing typical Wenlock fossils. Immediately 
underlying these, apparently with complete conformity, come certain 
pale-green mudstones with one, two, or three bands of a bright 
maroon colour, and occasional flaggy beds. These are the local 
Tarannon Shales, as here mapped by the Survey. The shales in 
their turn pass down, also with apparent conformity, into a series 
of massive quartzose grits alternating with very finely-laminated 
shales, light to dark grey in colour, which are lettered (on the 
Survey map) as being of Lower Llandovery age. As one descends 
the sequence these grits gradually become less prominent, and 
the lowest beds in the district consist almost entirely of light- 
grey to bluish-black mudstones and shales. 
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The rocks are arranged, broadly speaking, in a long syncline, the 
axis of which runs almost due north and south (see fig. 7, p. 688). 
The central part of the Tarannon tableland is everywhere occupied 
by the Denbighshire strata, except along the valley of the Afon 
Cwm Calch, where they have been removed by denudation, and the 
underlying Tarannon Shales are exposed. The outcrops of the older 
beds follow that of the Denbighshire Group in successive and fairly- 
regular curves, the lowest beds of all being exposed in the valley 
of the I'wymyn, which lies to the extreme west. The dip of all 
the beds older than the Denbighshire Group is high, varying from 
40° to 60°, and their outcrops, especially on the west side, often 
make an almost straight line across both hills and valleys. 

The large syncline has been subjected to considerable minor 
folding, due to lateral pressure coming apparently in the main from 
the north-west. ‘The result of this movement has been to fold the 
rocks into repeated subsidiary anticlines and synclines, the axes of 
which cross that of the main axis obliquely and run in a north- 
north-east and south-south-west direction. Where the arenaceous 
beds predominate over the argillaceous, the strata have yielded in 
regular and symmetrical folds. Where, on the other hand, the 
strata are chiefly shaly, the rocks have suffered more violent de- 
formation and have been bent into repeated sharp folds, which are 
almost isoclinal in their character, and are frequently broken and 
faulted to a considerable extent. In addition there is a north-and- 
south movement which has bent the rocks into broader waves, 
causing the folds to pitch in these two directions, but not producing 
any acute cross-folding. In the western and southern parts of the 
district the rocks are much cleaved. 

Some idea of the number of the more important folds may be 
obtained by an examination of the 1-inch Geological-Survey map. 
of the area lying to the north and east of the present district. On 
this the outcrops of the ‘ Tarannon’ and so-called Llandovery Beds 
are shown extending north-eastward, in long narrow V’s into the 
Denbighshire Series, each V marking the position of an anticlinal: 
fold. 

Practically the only fossils that I have obtained in this district 
are graptolites. In the upper and more gritty half of the suc- 
cession these appear to be restricted to occasional bands, which are 
rarely more than a fraction of an inch in thickness. They are 
difficult of detection among the large mass of unfossiliferous strata, 
as the lithological character of the beds gives but little guidance. 
On the whole, however, it may be said that graptolites are most 
commonly met with in brilliant orange-weathering shales which 
immediately underlie small flaggy beds, and they are frequently 
found plastered on to the under side of the flags themselves. The 
graptolites found in some of the upper beds are generally pre- 
served in low relief; but they are seldom seen in the normal profile 
viéw, and are therefore often difficult of identification. 

In the lower part of the succession, where the beds are more 
generally shaly, graptolites are more abundant, and occur at frequent 
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horizons. Owing, however, to the deformation which the beds have 
undergone, they are, as a rule, difficult of extraction and poorly 


preserved, and are practically confined to the darker grey or black 
shale-bands. 


II. Srrarreraruican Rearions or tHE Rocks IN THE 
Tarannon Disrricr. 


(A) Description of the Typical Section in the 
Tarannon River. 


The valley-course of the Tarannon River affords the longest, the 
most continuous, and, on the whole, the most satisfactory section in 
the district. It rises near Llyn Gloew in the centre of the Tarannon 
moors, and flows thence first southward across the central part of 
the tableland itself; then south-eastward down its flanks; and 
finally, eastward beyond the base of the tableland, to join the Severn 
at Caersws. 


(1) Wenlock Series (C). 
(i) Fynyddog Grits (Cb). 


All the central part of this Tarannon tableland, over which the 
Tarannon River flows for the first 2 miles or more, is occupied by 
the Denbighshire Grits; but, owing to the boggy nature of the 
ground, the bed-rock is exposed at the surface only in isolated 
patches. Wherever rocks are seen, however, they consist of grey 
felspathic and micaceous grits varying in thickness from a few inches 
to several feet, separated by bluish-black mudstones, shales, and 
flags. Many of the beds show marked concretionary structure, and 
frequently weather to a brilliant orange colour. ‘These strata, 
which are identical with those of the great sheet of Denbighshire 
Grits in the country to the north, may be termed the Fynyddog 
Grits, from the heights of Newydd Fynyddog. 

They are well exposed in the river-course close to the farmstead 
of Tarannon, where they dip east-north-eastward at an angle of 23°, 
while fairly-massive grits are seen both in the river-bed and also 
protruding through the peaty ground on both sides for some distance 
down the stream. Judging from the form of the ground, we may 
infer that these Fynyddog Grits are continued as far as the sheep- 
fold, nearly 1 mile below the Tarannon farmstead, and in this part 
of the district they must have a thickness of at least 1500 feet. 
No search for fossils has yet been made in these beds. 


(ii) Nant-ysgollon Shales (Ca). (Zone of 
Cyrtograptus Murchisont.) 


As we follow the river southward the grits disappear, and we find 
coming out from below a broad band of flaggy shales and mudstones 
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which we may term the Nant-ysgollon Shales, from a well- 
known locality at the 
north-eastern end of the 
moorland, where these 
beds are exceptionally well 
exhibited. They occupy 
some 350 yards of the 
river - course, and make 
their first appearance a 
few yards to the north of 
the Ford, where a small 
tributary stream joins the 
Tarannon River on its 
right bank. Here some 
dark bluish concretionary 
mudstones and_ shales, 
weathering in places to 
a reddish brown, yield 
excellent specimens of 
Cyrtograptus Murchison, 
Carr., and Monograptus 
vomerinus, Nich. 

For the next 140 yards 
sandy flags and shales are 
exposed at various lo- 
calities on the right bank 
of the river. Originally 
bluish in colour, these 
rocks weather deeply, and 
present a dirty greyish- 
brown or even ashen-grey 
appearance. ‘They dip at 
an angle of 35° to 40° 
north - north - westward. 
Although no _ complete 
specimen of Cyrtograptus 
Murchisoni has been found 
in these lower beds, yet 
isolated branches occur 
which are almost certainly 
referable to this species, 
and they are associated with the following forms * :— 

Retiolites Geinitzianus, Barr. (C). Monograptus priodon, Bronn (f. C). 
Monograptus vomerinus (C). Monograptus riccartonensis, Lapw.(R). 
Monograptus crenulatus, Torna. (f. C). 

It is difficult in this section, owing to the absence of sufficient 
exposures, to fix with exactitude the boundary between the Nant- 
ysgollon Shales (Ca) and the overlying Fynyddog Grits (Cb), but 
the thickness of the shales may be set down at about 450 feet. 
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* In this and succeeding lists of fossils, C=common ; f. O=fairly common; 
R=rare; y.R=very rare. 
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The Fynyddog Grits and Nant-ysgollon Shales correspond to the 
bands of Denbighshire Grit and underlying Denbighshire Shale, as 
laid down on the Geological-Survey maps and coloured as Wenlock. 
The fossil-evidence here obtained definitely establishes their 
Wenlock age, for the fauna of the Nant-ysgollon Shales is that of 
the zone of Cyrtograptus Murchisoni, which is the basement-zone 
of the Wenlock elsewhere. Below the Nant-ysgollon Shales we 
enter upon the beds which belong to the Tarannon Series. 


(2) Tarannon Series (B). 


(i) Dolgau Mudstones (Bd). (Zone of Monograptus 
crenulatus.) 


Beyond a distance of some 170 yards below the Ford the strata 
for 200 or 250 yards present distinctive lithological characters, 
which readily serve to separate them from the Nant-ysgollon 
Shales above. They consist, for the most part, of fine, smooth, 
greyish-green mudstones and shales, with occasional thin flaggy 
beds from about a quarter to 14 inches thick, which become more 
abundant as we descend the section. ‘They dip steadily north- 
westward, at an angle of about 40°. 

This group of strata graduates so insensibly from the Nant- 
ysgollon Shales above, that it is difficult to fix upon any definite 
boundary between them. In this Tarannon section, however, a 
convenient separating-line is formed by some few coarse greywacké- 
bands which give origin to a small waterfall. The Mudstone Group 
as a whole is divisible into three sub-groups. 


Upper Green Mudstone Sub-group (Bd,).—The beds of 
this highest sub-group consist of mudstones of a peculiarly-smooth 
and soapy texture, associated with a few thin flags. When fresh, 
these mudstones are of a pale greyish-green colour, but they weather 
toadirty brown. ‘The rocks occasionally show evidence of movement, 
and are in places slickensided and wrinkled, but the disturbance 
does not affect their general disposition. No trace of fossils has 
been detected in this sub-group. 


Middle Purple Mudstone Sub-group (Bd,).—The green 
mudstones give place to a second sub-group of strata, which differs 
(1) in the purple (or, to speak more accurately, deep maroon) 
colour of some of its beds; and (2) in containing more arenaceous 
material. This sub-group thus consists of alternations of green 
and purple beds. At the summit there are about 40 feet of purple 
mudstone practically unbroken by any green bands, and showing 
occasional thin grey flags which vary in thickness from a quarter 
to 14 inches, and become especially prominent near the base. The 
change in colour from green to purple is a gradual one, and the 
purple tint fades away imperceptibly into the green. 

This band of purple mudstone is underlain in its turn by strata 
of a green colour having a thickness of 45 feet. Like the purple 
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band above they contain many flaggy layers. They pass downward 
gradually into 6 feet of purple shaly mudstones; and these again 
are underlain by 6 feet of greenish mudstones, having a prominent 
but thin flaggy bed at the base. All these purple and green strata 
are well exhibited in the high and steep banks on the east side of 
the river. 

Below this thin band of green occurs 130 feet of soft purple 
mudstones and shales which form the base of this sub-group (Bd,). 
As these lowest strata contain but few beds of flags, they are not 
conspicuous in either bank, although they may be seen in the stream 
when the water is low. They end at a point 20 to 30 yards below 
the footbridge opposite the farm of Dolgau. The total thickness 
of this Middle Sub-group, which, as we have seen, consists of three 
bands of purple and two of green, must therefore be about 225 feet; 
it appears to be quite barren of fossils. 


Lower Green Mudstone Sub-group (Bd,).—Below the 
lowest bed of purple mudstone a third sub-group of strata comes 
on, consisting of green shales and mudstones intercalated with 
numerous thin flags, and containing a few black carbonaceous bands 
at the base. This group has a total thickness of about 95 feet. 
The five black bands are shown below the footbridge, and occur 
within a distance of 18 yards. They all yield graptolites, but these 


are, as a rule, indifferently preserved. Collectively they contain the 
following species :— 


Monograptus crenulatus (C). Monograptus griestonensis, Nicol ? 
Monograptus priodon (OC). Monograptus nudus, Lapw.? 
Monograptus subconicus, Tornq.? (f. C).| Letiolites Geinitzianus (f. C). 
Monograptus discus, Tornq. (R). 


As these dark graptolite-bearing shales, which have a thickness of 
about 30 feet, are readily recognized and can be identified else- 


where, I regard them as forming the base of this Lower Green 
Mudstone Group. 


We see, therefore, that immediately below the Nant-ysgollon 
Shales comes a group of strata some 420 feet thick, showing great 
mineralogical similarity throughout, but varying in colour from 
purple to green. It is made up of three divisions :— 


Feet 
Bd,. Upper Green Mudstones, unfossiliferous ............ccec0eeeeees 100 
Bd,. Middle Purple Mudstones, with some flaggy beds, unfossili- 
BIC 0 1S GaGn aododganaden bods oadenor onc nncpbane docodeoueserpea sheen cecod 225 
Bd,. Lower Green Mudstones, with numerous flaggy beds and 
containing graptolitic bands ,...............-seessececescssessseces 95 


Hitherto fossils have only been obtained in the lowest beds ; 
four of the species are common to the Nant-ysgollon Shales 
above; but Cyrtograptus Murchisoni, the characteristic fossil of 
the Wenlock Shales, is absent. The remaining three species, Mono- 
graptus griestonensis, M. discus, M. subconicus, which are absent 
from the Nant-ysgollon Shales, are rare forms at this horizon, 
and are far more characteristic of the beds below. 
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This group of strata, which I have termed the Dolgau Mud- 
stones, from the farmhouse of Dolgau at this locality, may be 
referred to under the alternative title of the local zone of 
Monograptus crenulatus, after its dominant fossil. 

When we transfer on to our present 6-inch maps the upper and 
lower boundary-lines of the local Tarannon Shales, as laid down 
upon the geological maps of the Tarannon district by the officers of 
H.M. Geological Survey, at this their type-locality (see quarter- 
sheet 60 8.W., Montgomeryshire), we find that these coincide almost 
precisely with the top and bottom of our lithological group of the 
Dolgau Beds. ‘Thus, in this part of the Tarannon district at all 
events, our Dolgau Beds and the ‘Tarannon Shales’ of the Survey 
are identical. 


(i) Talerddig Grits (Be). (Zone of Monograptus 
grvestonensis. ) 

Underneath the Dolgau Beds comes a group of strata which is 
perhaps the most conspicuous in the district, and to its peculiar 
lithological characteristics are due in a large measure the more 
marked scenic features of the Tarannon heights. This group may 
be fittingly termed the Talerddig Group, from the excellent 
development of its strata in the railway-cutting at Talerddig, at the 
north-eastern end of the area. 

Unlike the Dolgau Mudstones, which, as we have seen, are 
essentially shaly, these Talerddig rocks are markedly arenaceous. 
They consist in the main of rapid alternations of thinly-bedded grey- 
wackés and shales, but there occur in addition numerous beds of 
thick grit. These mass themselves together at certain horizons, and 
form definite bands that stand out in marked contrast to the inter- 
vening bands of thinner flags and shales. 

Thus the Talerddig Group is made up of alternations of what 
may be termed grit- and shale-bands. ‘The ‘grit-bands’ 
contain numerous beds of grit with a variable but subordinate 
thickness of shaly material; the ‘ shale-bands’ consist in the main 
of shales and thin flags, with only an occasional grit. 

‘The quartzose grits vary in thickness from 6 inches to 6 feet, 
but only a few reach the latter size. They are for the most part 
grey in colour, and are indeed typical greywackés. The matrix 
varies considerably in texture, although it is usually fine-grained and 
the included fragments are rarely even of the size of a pea; and in 
no case observed do they approach in coarseness to that of an ordi- 
nary conglomerate. There is every gradation, both in texture and 
thickness, between these more massive beds and the intervening, 
fine-grained, micaceous flags, which may be only a fraction of an 
inch in width. Some of the greywacké-flags exhibit cone-in-cone 
structure, and many show the trails of annelids impressed on their 
bedding-planes, the irregular hummocky and rippled upper surfaces 
of which suggest that shallow-water conditions prevailed at the 
time of their deposition. 

The interbedded shales are usually well laminated, and of a very 
fine smooth texture, They are light to dark grey and even black, 
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and frequently weather to a bright yellow or orange tint. It is in 

these brilliantly-coloured bands that graptolites are most commonly 

found. 
Like the Dolgau Beds, the Talerddig Grits and Shales strike 

40° to 50° east of north, and dip north-westward at angles varying 

from 45° to 55°. As exposed in the Tarannon River, they are 

capable of division into the following lithological bands :— 

Thickness in feet. 


Lee Gthishale-bairdltencecntsccoenensec: 175 
10, 5th grit-band 


9. bihvsliale- Bandiana ae ae 310 

8. Ath) ort banciey crt deare tac 35 

Wa abhi ahale=banGuens acssetiesssentens 35 

Grordecrit-ban dimes eceseraseetenes 30 

5. 8rd shale-band 

4, 2nd grit-band | Boecpnoonoabesdtce 170 

3. 2nd shale-band 

2 Vestrorit-bamdiirenscces seseecsen ao 70 

istishialespan cusses icestoncnecn 325 
otal siive eens see 1150 


Unfortunately, the section is not quite complete either in the bed of 
the river or on the banks, and therefore the exact thickness and 
character of some of the bands are somewhat uncertain. 

The uppermost member of this Talerddig Group is a shaly one, 
and differs at first but little in lithological character from the 
Dolgau Beds above, although the small greywacké-flags have be- 
come more numerous and individually thicker, while the pale-green 
colour so characteristic of the Dolgau Beds has given place gradually 
to a light-grey tint. No trace of a fossil has yet been detected in 
this band. 

This 6th shale-band is underlain by the 5th and highest grit- 
band, the first grit of which is exposed in the bed of the river, below 
the small waterfall south of Dolgau Farm. At first the grits are of 
no great thickness, and are interbedded with numerous shales and 
flags; but, as we descend the sequence, they come on in full force 
immediately to the south of a small stream on the left bank, and 
give origin to small waterfalls in the bed of the main river. This 
oth grit-band is the most important, both in collective thickness and 
in the size of the individual beds of grit; and it always makes a 
conspicuous feature along the hill-sides wherever it occurs. It 
contains at least twelve beds of grit of 2 feet and upward in 
thickness, and a few of from 4 to 6 feet (if we disregard thin 
shale-partings). From one of the thin shale-bands between the 


two highest beds of grit the following species of graptolites were 
obtained :— 


Monograptus griestonensis (C). | Monograptus nudus (f. C). 
Monograptus subconicus (C). Monograptus crenulatus (R). 
Monograptus priodon (f. C). Monograptus cf. dextrorsus, 
Monograptus discus (f. C). Linnrs. (R). 


The 5th shale-band below is not well exposed, and its limits 
cannot be accurately defined; but the presence of softer shales, — 
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rather than of grits, may be inferred from the more gentle fall of the 
river-bed and from the absence of good rock-exposures. No search 
for graptolites was made in these shaly bands, but doubtless they 
are to be found at certain horizons. 

This softer shale-band is underlain by more gritty strata, 
constituting a thin but well-marked grit-band (4th) of some 35 feet, 
and forming the top of the largest waterfall in the upper course of 
the Tarannon River. 

Beneath this comes the 4th shale-band, which forms the floor of 
the waterfall, and is of about the same thickness. It contains a 
few darker grey or black shale-layers, from which the following 
graptolites were identified :— 


Monograptus priodon (C). Monograptus subconicus (C). 
Monograptus griestonensis (C). Monograptus Marri, Perner (C). 
Monograptus discus (C). Monograptus nudus (C). 


The bottom of the waterfall is constituted by the 3rd grit-band, 
which is similar in thickness and character to the one overlying it. 
At the foot of this waterfall the Trwstnant stream joins the main 
river on its right bank. ‘This stream, in the lower part of its course, 
has cut a deep and narrow gorge along the strike of the veds belonging 
to the 3rd grit-band. <A good fossiliferous locality was detected in 
the northern bank about 2 feet above the topmost grit-bed, and from 
a thin shale-layer all the graptolites mentioned above were collected. 

For a distance of about 60 yards below the waterfall the beds 
are only exposed incompletely in the left bank. The 3rd grit-band, 
however, is seen to be underlain by a more shaly group (3rd shale- 
band), while below this again the occurrence of occasional grits from 
1 to 2 feet thick clearly indicates the presence of a 2nd grit-band, 
though its extent and detailed character are here indefinite. 

The 2nd shale-band intervenes between this and a first and lowest 
egrit-band, which is well shown at the point where the river makes 
a sharp bend to the north-east, almost at right angles to its previous 
course. This 1st grit-band contains several grits of 1 and 2 feet in 
thickness, but there is, on the whole, a greater proportion of shales 
than in the overlying grit-bands. Two normal faults cut the strata 
at this point and throw the beds down to the west, but do not 
displace them more than 10 and 20 feet respectively. It is possible 
that similar faults may affect the beds belonging to the 2nd shale- 
band above; but they have not been detected, owing to the fact that 
the rocks are to a great extent obscured by vegetation. 

The lowest important assemblage of grits is underlain by the Ist 
shale-band, which is of considerable thickness and contains six grits 
of about 8 to 14 inches near its centre. Some 40 feet below these 
grits, at a point where the river makes another sharp bend to the 
east, a thin dark shale-layer and an overlying bed of greywacké 
yield most of the species of graptolites which have yet been detected 
in the upper beds of the Talerddig Group, namely :— 


Monograptus priodon (C). Monograptus nudus (C). 
Monograptus griestonensis (f. C). Monograptus subconicus (f. C). 
Monograptus Marri (C). i Monograpius discus (f. C). 
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Some 120 feet below this graptolitic locality, a single grit-bed 
14 inches thick is exposed, and in the intervening shaly strata similar 
well-preserved graptolites were found. This 14-inch grit is almost 
the last seen in the Tarannon section, and it may conveniently be 
regarded as forming the base of the Talerddig Grits. 


Reviewing the Talerddig Group as a whole, we see that it 
consists of alternations of grits, greywackés, and shales, having 
perhaps a collective thickness of 1100 to 1150 feet. The arenaceous 
beds are, as a rule, only a few inches thick; but at five distinct 
horizons they increase to between 1 and 4 feet in thickness, and are 
more or less massed together to form compound grit-bands. 

The fauna of the Talerddig Group is similar throughout, and while 
it is distinct as a whole it is intimately related to that of the Dolgau 
Beds above. Eight species have been detected, of which all but one 
(M. Marri) range up into the overlying group. Monograptus crenu- 
latus, however, which is abundant in the Dolgau Beds, makes its 
appearance only in the highest fossiliferous seam of the Talerddig 
Group; while W. griestonensis, M. discus, M. nudus, and M. sub- 
conicus, Which are doubtfully or poorly represented in the Dolgau 
Shale, are at their maximum development in the underlying 
Yalerddig Grits. The most characteristic and abundant species is 
undoubtedly M. griestonensis, and the Talerddig Group may there- 
fore be referred to under the alternative title of the Monograptus- 
griestonensis Beds. 

As we have already seen, the officers of H.M. Geological Survey 
regarded the strata immediately underlying their Tarannon (Dolgau) 
Shale of this special section as of Lower Llandovery age, and 
distinguished on the map two bands—an upper shaly and a lower 
gritty one. Their Lower Llandovery Beds include the upper half 
of our Talerddig Group.: their upper shale-division answering to our 
6th shale-band, and their lower grit-division to the beds between the 
5th and 8rd grit-bands. Both on lithological and paleeontological 
grounds, however, the base of the Talerddig Group should be carried 
down to the lower horizon which we have chosen. 

So long as the beds referred to were regarded as of Lower Llan- 
dovery age, a stratigraphical break presumably existed between the 
Talerddig and Dolgau (Tarannon) Beds. But all the evidence— 
lithological, stratigraphical, and paleontological—now obtained goes 
to show that there is a complete gradation between the two. 


(ili) Gelli Shales (Bb). (Zone of Monograptus crispus.) 


The Talerddig Beds pass down with complete conformity into 
a thick group of strata, which lithologically differ from them mainly 
in the absence of the grit-bands, They consist of alternations of 
well-laminated, light-grey, blue, and black shales with occasional 
mudstones and small micaceous flags (a quarter to 2 inches thick), 


the latter decreasing in number and thickness as one descends the 
section. 
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This group of beds may be termed the Gelli Shales, from the 
farms of Gelli-dywyll and Gelli along the western flanks of the 
tableland, near which the shales are well-developed. 

Unlike the groups which we have described down to this point, 
wherein the descending sequence is practically unbroken by faults 
and folds, the rocks of this Gelli Group have been much disturbed, 
They have been subjected to earth-crust movement from the north- 
north-west,tresulting in the frequent repetition of many of the beds 
by means of sharp folds. These folds are probably of small ampli- 
tude, but their crests, which are shown at intervals in the high 
banks of the river, are very sharp, and are sometimes accompanied 
by faults, so that the steady north-westerly dip of the beds is only 
interrupted occasionally and that for a distance of a few yards. 

These folds in their course to the north-east cut across the con- 
tinuation of the Talerddig Beds, and are well shown on the 1-inch 
Geological-Survey map by the zigzag shape of the outcrops on the 
hill above and to the east of the river. This folding prevents us 
from making more than a rough estimate of the thickness of the 
Gelli Shales ; but it cannot be less than 800 to 1000 feet, and may 
be more. 

Coming now to the details of the section, so far as it is exposed 
in the Tarannon River, we find that underneath the lowest grit-band 
of the Talerddig Group there is a thickness of about 150 feet of 
grey shales, alternating every few inches with numerous thin flags, 
Fossils are rare in these beds, but specimens of Monograptus Marri 
and MW. nudus were obtained. Below these shales some blue-black 
flaggy beds, exposed along their strike where the river curves 
abruptly to the north-east, yield examples of M. Marri in great 
abundance, together with M. nudus and M. subconicus (? ). At this 
point the left bank of the river is very lofty, and presents a 
magnificent section of Gelli strata. Here and there an occasional 
softer and darker band of shale, often only a fraction of an inch in 
thickness, and generally weathering to a brilliant orange colour, 
yields graptolites ; and from one of these seams, at a point about 
300 feet below the base of the Talerddig Group, there were 
obtained :— 

Monograptus crispus, Lapw. (£. C). | Monograptus subconicus (f. C). 

Monograptus exiguus, Nich. (f. C). Petalograptus palmeus, var. tenuis, 

Monograptus Marri (f. C). Barr. (C). 

Monograptus discus (f. C). | Monograptus priodon. 

Monograptus nudus (f£. C). 


Immediately beyond this seam the beds become vertical, and are 
bent over into a sharp fold, the southern limb of which is partly 
replaced by a fault. The beds right themselves, however, within a 
few yards, and return to their normal dip of 45° north-westward. 

Continuing the section, we find that the beds vary but little in 
lithological character, although the flaggy seams decrease in number 
and thickness. They dip generally north-westward, but every now 
and again are crumpled and folded to a greater or less extent, 
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Graptolites were obtained at various localities, the species being the 
same as those cited above. 

A few yards below the point where a small stream enters the river 
on the left bank, two well-marked grits, of 16 inches and 2 feet 
in thickness respectively, are seen; and, in a thin dark shale-band 
above them, the following graptolites were found in abundance and 
in a fair state of preservation :— 

Monograptus crispus (C). Monograptus discus (R). 
Monograptus priodon (C). Monograptus turriculatus (vy. R). 
Monograptus nudus (£. C). 

These grits are of some stratigraphical importance, as they may 
be recognized at other localities and mark a definite horizon in the 
Gelli Group. 

Descending the river for about 80 yards, one may see another 
fold well exhibited in the left bank. The beds are much contorted, 
and are penetrated by quartz-veins in all directions, while the shales 
below the fold are cleaved. ‘The strike of the cleavage coincides 
with that of the beds, and is about 50° east of north; while its dip 
is about 20° higher than that of the beds, which is 35°. 

The last locality at which Monograptus crispus and its associates 
were obtained in this Tarannon-River section is 140 to 150 yards 
below this fold, and almost due east of the farm of Graigwen. The 
beds here consist of dark-grey banded mudstones, which weather to. 
an orange tint. The base of the Gelli Group is drawn provisionally a 
short distance to the south of this locality, at a point some 150 yards 
above the footbridge south of Graigwen: because below this point 
we find that there is a gradual but distinct change, both in the 
lithology and in the fauna of the deposits. 


Reviewing the graptolitic fauna of the Gelli Group, we find that 
it contains eight species, of which five are common to the Talerddig 
Beds above. MV. crispus is, so far as known, restricted to these Gelli 
Beds, and is characteristic of them, not only in this section but else- 
where in the district. The Gelli Group may, therefore, be referred to 
as the Monograptus-crispus Beds. M.discus andM, subconicus 
occur both in the Gelli and in the Talerddig Groups, but are distinctly 
less abundant in the lower beds. MZ. ewiquus, MW. turriculatus, and 
Petalograptus palmeus var. tenuis, which occur in the Gelli Beds, 
are unknown in the Talerddig Grits above, but pass down into the 
Brynmair Shales below. Of these graptolites, however, I. turri- 
culatus is extremely rare, only one specimen having been found. 


(iv) Brynmair Shales and Mudstones (Ba). 


(Zone of Monograptus turriculatus.) 


_ Below the Gelli Shales we enter upon a new group of.strata, that 
18, on the whole, distinctly less sandy, and consists almost entirely of 
soft shales. and mudstones, which have consequently suffered to a 
considerable extent from the effects of folding and cleavage. While 
the exact order and limits of these beds cannot be fixed, yet a 
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sufficient extent is shown in the Tarannon River along this line of 
section to enable us to see that this group is as important as any 
of the divisions already noticed, and its collective fauna distinct 
from that of the overlying Gelli Shales. This group is termed the 
Brynmair Beds, from the village of Llanbrynmair in the valley 
of the Twymyn, where their relations to the overlying and under- 
_ lying strata are well shown. 
The highest horizon at which graptolites were obtained is a few 
yards below the footbridge already mentioned. Here the beds 
consist of thin shales and small flags, and yield :— 


Monograptus runcinatus, Lapw. (C). Monograptus turriculatus. 
Monograptus densus, Perner (f. ©). Petalograptus palineus, var. tenwis (C). 


On the left bank, south of the bridge, in the scree-slopes, which are 
here of great height, many specimens of J. runcinatus were obtained. 

Below the footbridge the river-valley is somewhat more open, and 
the high banks have receded some distance on the east side; but 
fairly-continuous exposures may be obtained, either in the bed of the 
river, or along the road running parallel to it. At one locality along 
this road, north of Allt-Goch Cottage and about 10 yards south of a 
place where the beds are extremely disturbed, AZ. runcinatus (C), 
M. turriculatus (f.C), and M. Halli, Barr. (?), were obtained from a 
thin flagey band which had to some extent resisted the cleavage. 

In a small quarry on the left of the road, some yards still farther 
south, there is a good exposure of compact blue mudstones ; and 
similar rocks may be seen at other localities lower down the 
road, the dip in every case appearing to be north-westerly. 

No graptolites were obtained from these Lower Brynmair Beds on 
the east side of the river ; but on the west, along a road some 200 feet 
above the river and opposite Ty-bach, there occurs a fairly-rich fauna 
of graptolites in some finely-banded grey shales, stained on the 
surface to a dull purplish colour and weathering deeply to an ashen- 
grey tint. The species which could be identified include :-— 


Rastrites Linnet, Bary. (R). Monograptus nudus (f. C). 
Monograptus turriculatus (R). Petalograptus palmeus, var. tenwis 
Monoyraptus densus? (R). tins 

Monograptus cf. proteus, Barr. (C). Climacograptus sp. 


This is the last locality examined in the Tarannon Valley; but 
similar beds continue for a long distance to the south-east. These 
are, however, so folded, contorted, and cleaved, that the section is 
comparatively valueless from the stratigraphical point of view. 
Fortunately, the deficiency is compensated for in the western part 
of the district. 

The fauna of the Brynmair Group, as here determined, consists of 
eight species, of which three only are found in the overlying Gelli 
Group. The first species of Hastrites met with in the descending 
suecession occurs in these beds. Perhaps the most characteristic 
form is Monograptus turriculatus, and the Brynmair Group may, 
therefore, be fittingly termed the Monograptus-turriculatus 
Beds. 

Q.J.G.8. No. 243. ae 
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It is evident, from the foregoing description of this typical 
Tarannon section, that it exhibits a collective thickness of about 
5500 feet of strata, which may be grouped as follows :— 


Feet. 
Cb. Hynyddop Grits trs...ccesnneiaasescaetaneces 1500 
yee al ae Ca. Nant-ysgollon Shales .............-+..s0+:+0 450 
mot ae (Zone of Cyrtograptus Murchisoni.) 
/ Ba. Dolgau Mudstones. 
(Zone of Monograptus crenulatus.) 
Bd,. Upper Green Mudstones ...... Oe 
Bd,. Middle Purple Mudstones ...... 225 + 420 
Bd,. Lower Green Mudstones......... 95 
Tarannon ( Be, Talerddig Grits. 
Serius. (Zone of Monograptus griestonensis) ... 1150 
Bb. Gelli Shales. 
(Zone of Monograptus crispus)....+. SineHic 900 (?) 
Ba. Brynmair Shales. 
(Zone of Monograptus turriculatus) ... 1000 (?) 


From the top of the Fynyddog Grits to the lowest beds described 
in the Tarannon section, there is an unbroken descending sequence 
of strata possessing a general community of lithological characters ; 
and the graptolitic fauna of the beds, although presenting, as one 
descends the sequence, gradual changes due to the disappearance 
of some forms and the coming-in of others, might, like the rock- 
series, be regarded to some extent as a unit. 

But, on paleontological grounds, the Fynyddog Grits and the 
underlying Nant-ysgollon Shales, which contain Cyrtograptus 
Murchisoni, must be grouped with the Wenlock Series, of which 
the zone of C. Murchisoni is universally regarded as the basement- 
zone, 

The collective fauna of the rock-series composed of the four un- 
derlying groups—which, from its grand development in this section, 
we term the Tarannon Series—is distinct as a whole from that 
of the Wenlock. It is divisible into four local zones, namelv, 
those of Monograptus crenulatus, M. griestonensis, M. crispus, and 
M. turriculatus. The graptolitic faunas of these four zones are 
quite distinct from those usually classed as Llandovery, 


(B) Confirmatory Sections. 


(1) Northern Area. 


(i) Afon Iaen and Talerddig to Llanbrynmair 
Road-and-Railway Section, 


Turning now to the northern end of the Tarannon district, we 
find an excellent confirmatory section exhibited, partly in the bed 
of the Afon Iaen, and partly in the main road and railway from 
Talerddig to Llanbrynmair Station which run parallel to this 
stream. ‘The section passes in a general north-westerly direction 
across the northern end of the Tarannon promontory, showing well 
the synclinal form of the country, and affording a more or less 
continuous section from near the top of the Nant-ysgollon Shales to 
the base of the Gelli Group. (See Pl. XLVIII, fig. 1.) 
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Talerddig Group (Bc).—For a distance of about a quarter of 
a mile to the north and south of the village of Talerddig we find 
everywhere evidences of the presence of the Talerddig Group. 
The strata dip in a general north-westerly direction, and disappear 
below the overlying Dolgau Beds between Dolgoch and Pandy-bach. 
The most complete section of the Talerddig Beds in this part of 
the district is that exposed in the railway-cutting north of Talerddig 
siding. Here the beds, which dip at angles of 42° to 48° north- 
westward, consist of alternations of grit- and shale-bands, similar 
on the whole to those exposed along the Tarannon River, but 
differing somewhat in the details of their lithology and thickness. 
They are divisible into the following rock-bands, arranged in 
descending order :-— 


Thickness in feet. 


Orns ale= DANO bea. tecretaccsicnst anscere 60 to 70 (incomplete). 
8, Grit-band (d). 

de CMAS mee ones ares ces dos 12 

LIS AOS) tencnncpceemereeceh se 14 

UTA OL] Usama ses tie scsoenc sey 55 & 113 

Vee AO OS meneame see ee pastes > 8 J 

Ware Girls ves caycagecnceses sewed 24 
ms nale-bandy(@)i «Mee secre cesses teteecee 35 
GiGrit-band.(6)\-esuesrtensssenees-ea-ee 40 
De shale=band(C)N co.ccscserte neces cance 36 
AMG DADO O)) pace caoeararnerers oe aces ss 33 
$5 Shalé-band:(G)! Wesesa.cgsteseccccsw ess 60 
DoGrit-pandi(@)socswasterestesse steele. 30 : 
1 Shale=bande(@) Mrecscesisesccs.<sscsccce 40 (incomplete), 


The lowest beds exposed in the railway-cutting consist of shales 
and thin flags; their base is not seen, for the rocks are here 
obscured by vegetation. The first grit-band (a) shown includes 
among others a grit of about 4 feet in thickness. Evidences of 
disturbance of the strata are apparent on the eastern side of the 
cutting, where one of the grits is seen to be twisted and fractured. 
The grit-bands (6) and (c) agree closely in character and thickness 
with the 3rd and 4th grit-bands in the Tarannon section. Where 
they crop out at the surface on the eastern side, they form pro- 
jecting cornices, while the intervening shales occupy a deep recess. 
Some of the grits which belong to grit-band (0) are also well shown 
in a small quarry, some 50 or 60 yards to the east of the railway. 

A few graptolites were found in the shale-band intervening 
between the grit-bands (c) and (d). They include the following 
typical Talerddig species :— 

Monograptus priodon. Monograptus discus. 
Monograptus griestonensis. Monograptus nudus. 
Monograptus subconicus. 


The highest grit-band met with answers apparently to the 5th 
in the Tarannon section, and, like that, is the thickest. It contains 
several strong grits, and forms a prominent feature on the western 
side of the cutting just below the railway-bridge. 

This grit-band is overlain by a shale-band, of what se than 

222 
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60 feet is exposed before the section is interrupted. Between this 
point and Dolgoch the beds are only shown occasionally, and are 
bent into a series of gentle folds. In some cases the axes of these 
folds are well exhibited, the most striking perhaps being that on the 
west side of the railway-line slightly north of Dolgoch, which figures 
in all the local guide-books as the ‘ Natural Arch.’ It is even more 
clearly seen along the road on the east side of the railway, and 
consists of fairly-thick grits with alternating shales, Beyond the 
‘Natural Arch’ there are evidences of other smaller undulations 
along the roadside, until eventually the beds once more resume their 
normal north-westerly direction, and the Talerddig Grits pass up into 
the Dolgau Mudstones. The passage between these is best shown 
in the bed of the Afon Iaen. This river is confined within an 
artificial conduit for a distance of 145 yards near the ‘ Natural 
Arch’; but, from the point where it emerges, a continuous section 
can be studied for a long distance down its valley-course. The 
first beds are the characteristic shales and greywackés of the 
highest shale-band of the Talerddig Group. They were examined 
carefully for graptolites, but without much success, for these do not 
appear to be confined to such definite layers as usual. Monograptus 
priodon, M. subconicus, M. nudus, and M. qriestonensis were found 
at a point about 50 yards from the commencement of the section. 
The thickness of this shale-band (e), of which only a part is 
exposed in the railway-cutting, must here be about 250 feet; while 
that of the whole Talerddig Group cannot be less than 700 feet, and 
the true base is not visible. 


Dolgau Beds (Bd): Lower Green Mudstones (Bd,).—As 
we descend the stream, the lithological character of the beds is seen 
to undergo achange. The rocks become lighter in colour, less arena- 
ceous, and more of the nature of mudstones, and they lack the 
brilliant weather-colouring of the Talerddig Shales, They resemble 
the lowest Dolgau Mudstones seen in the Tarannon section, and like 
those have black shale-bands at their base containing graptolites. 
At this locality these soft black shales are so slickensided and 
disturbed (owing probably to a small fault) that the fossils are 
almost unrecognizable; but from one of the lowest bands Mono- 
graptus priodon, M. subconicus, and M. cf. dextrorsus were identified. 

The highest black band is seen on the right bank, about 17 yards 
north of the hedge which comes down to the river. It is barely an 
inch thick, but has yielded a fairly-rich assemblage of species, 
including :— 

Retiolites Geinitzianus (£. C). i 

Monograptus ee (oy. | oa oe : rie 
Monograptus griestonensis (f. O). | Monograptus discus (R). 
Monograptus priodon. | Monograptus crenulatus (2). 


Comparing this fauna with that of the black bands at the base of 
the Dolgau Group in the Tarannon section, we find a fairly-close 
resemblance between the two, the main difference being that the 
zone-fossil, M, crenulatus, is here doubtfully represented. At other 
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localities, however, in this northern area this species is common at 

the same horizon, and therefore its rarity here may be accidental. 

This highest black band is overlain by 40 fect of typical pale-green 

mudstones, with occasional thin flags, and the collective fauna of 

Abd Green Mudstone Sub-group in this section must be about 
eet. 


Middle Purple Mudstones (Bd,)—The overlying Purple 
Mudstone Group is well exhibited in the bed of the Afon Iaen, the 
strata here striking 60° east of north, and dipping at 35° north- 
westward. It consists of the following divisions, in ascending 
order:—(1) 40 feet of purple mudstones, with one or two thin 
green flaggy beds near the top; (2) 1 foot of green mudstones ; 
(3) 18 inches of purple beds; (4) 5 to 6 feet of green, (5) 12 feet 
of purple, (6) 8 to 10 feet of green, and (7) 15 feet of purple 
mudstones; making a total thickness of about 85 feet. The 
thicknesses of the individual bands must be regarded as merely 
approximate, as the bed of the stream is not accessible at this 
locality. The highest of the purple bands extends to and slightly 
beyond the small footbridge, and is overlain by the typical Upper 
Green Mudstones. 

This Purple Sub-group is fairly well exhibited also along the road- 
side a few yards to the east of the river, and in the small stream- 
course above the road at Pandy-bach; but the thicknesses of the 
individual purple and green bands are not the same as in the river- 
section. 


Upper Green Mudstone Sub-group (Bd,).—Returning to 
the section in the Afon Iaen, we find that the Upper Green Mud- 
stones succeed the Purple Sub-group, and can be followed along 
their dip for some distance, the angle of inclination varying from 
35° to 42° north-westward. ‘hese strata present the same cha- 
racters, of compact mudstones with rare flaggy beds, as those which 
distinguish this sub-group in the Tarannon section. 

These beds are particularly well exhibited along the western side 
of the railway-bank just above the Iaen, at Pandy-bach. Unlike 
the corresponding beds in the Tarannon section, the Upper Green 
Mudstones have yielded fossils. These occur in two black shale- 
bands on the west side of the railway, which dip at 42° north- 
north-westward. The upper seam, which is the thicker, contains 
Retiolites Geinitzianus (C), M. priodon, and IM. crenulatus (£.C). 
Some 30 yards above these black bands the beds are disturbed and 
penetrated by quartz-veins, black shales being involved in the fold 
at the foot of the bank; while a few yards farther north two dark 
bands, also about 4 feet apart, are well shown high up in the bank, 
These black graptolitic seams are apparently terminated abruptly 
on the south by a small fault; and there can be little doubt that 
they are identical with the two just described, having been brought 
up again to the surface by an anticlinal fold and fault combined. 

Compact green mudstones continue to the extreme end of the 
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railway-section above Pont Pant-glas, where the axis of a synclinal 
fold is exhibited both on the eastern and western banks, the beds 
dipping at angles of 15° to 20° north-eastward. A thickness of 
about 2 feet of black shales is exposed in the centre of this fold 
on the west side, and this band is probably identical with that 
which, as we shall see later, marks the summit of the Dolgau Group. 
If this be so, then the thickness of these Upper Green Mudstones 
must average between 250 and 300 feet, while that of the whole 
Dolgau Group is 420 to 470 feet, figures which agree closely with 
those recorded in the Tarannon-River section. 

The bed of the Iaen, from the railway-bridge to beyond Llawr-y- 
coed—a distance of one-third of a mile—, is occupied by various 
members of the Upper and Middle Dolgau Beds, their repetition 
being due to sharp folds of no great depth. The section has been 
worked on the 25-inch scale, but it need not be described here in 
detail. 

Between Pont Bell and Plas-bach the Middle Purple Sub-group is 
brought up to the surface by an anticlinal fold, the purple bands 
being here much in excess of the green ones. On the west side of 
the fold the beds are snapped by a few small faults of very slight 
throw, but the eastern limb near Pont Bell has suffered to a greater 
extent. Careful examination shows that some of the upper beds 
are cut out altogether, and the junction between the Purple Sub- 
group (Bd,) and the Upper Green Sub-group (Bd,) is probably 
marked by a reversed fault. 

A syncline brings up the Upper Green Mudstones immediately 
to the west of Plas-bach, while the Purple Beds are well shown at 
the Ford and opposite Glandwr. Near Factory Llawr-y-coed some 
compact green mudstones, the dip of which is obscure, are seen in 
the bed and left bank of the river; but along the footpath above 
they dip at an angle of 10° southward, and the axis of a fold, 
marked by the presence of quartz-veins, is indicated. The Purple 
Beds are again fairly well-developed in the bed of the river just 
above Llawr-y-coed, and pass up gradually into the Upper Green 
Mudstones, while these in their turn are immediately overlain 
by the Nant-ysgollon Shales. ‘he transition between the Dolgau 
and Nant-ysgollon Beds is best exhibited along the north side 
of the road, some 300 yards to the west of Llawr-y-coed, in a 
high bank, which shows good exposures for nearly 200 yards. 
There is here, however, no trace of the grit-bands which form so 
convenient a division-line in the Tarannon-River section; but at 
about the same horizon there occurs a purplish-black band some 
2 feet thick, which is particularly carbonaceous at its base. In 
this lower part graptolites are abundant, although they are in a 
poor state of preservation ; it is nevertheless possible to identify 
the following species :— 


Monograptus crenulatus (©). Monograptus nudus (R). 

Monograptus priodon (C). Monograptus Linnarssoni, Tullb. 

Monograptus speciosus, Tullb. (f. C). | Retiolites Geinitzianus (f. C). 

Monograptus (Cyrtograptus) spira- ; 
fis, Tullb, (£. 0) 
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Of these forms the first four occur also in the lowest part of 
the Dolgau Beds, but three new species here make their appear- 
ance in addition. The fauna, however, on the whole is ot the 
Tarannon type, as distinct from that of the C.-Murchisoni zone, 
and this band is therefore included at the top of the Dolgau Group. 


Nant-ysgollon Shales (Ca).—The beds immediately over- 
lying this black band are at first similar in lithological characters 
to those below; but as one ascends the sequence ‘along the road 
they are seen gradually to pass into the bluish-brown concretionary 
shales and mudstones which are so typical of the Nant-ysgollon 
Shales of the Tarannon section, and indeed of the Wenlock Series 
throughout Wales. At one locality along the road, immediately to 
the east of the point where the bank is walled in, the characteristic 
Nant-ysgollon (Wenlock) graptolites were found in abundance and 
in a good state of preservation, including:— Monograptus vomerinus 
(v. 0); M. crenulatus, M. priodon, Retiolites Geinitzianus, and 
Cyrtograptus Lapwortht (R) (=O. Murchisoni?). A thickness of 
at least 200 feet of the Nant-ysgollon Shales is exposed along this 
section, but the highest beds have been removed by denudation. 

We have here reached the centre of the main synclinal axis 
of the country, and now begin to descend the sequence. The Nant 
ysgollon Shales continue for some distance in minor undulations, 
which are clearly visible in the bed of the Afon Iaen. 


Dolgau Mudstones (Bd).—At a point, however, at the western 
end of asmall coppice, due south of Cae-twpa Farm, the Dolgau Beds 
rise out from below the Nant-ysgollon Shales and the black band at 
their summit is exposed in the southern bank. For the next 300 
yards the bed of the [aen is occupied by the various members of 
this Dolgau Group, and they present the lithological characters 
that are typical of these beds elsewhere. The Middle Purple 
division, however, is poorly represented, and consists of a single 
band of purple mudstone, 8 feet thick, which is seen near Vaenol. 
Some of the black graptolitic bands at the base of the Dolgau Group 
are exposed 50 or 60 yards below Vaenol, but no fossils were 
obtained from them at this locality. 


A small thickness of the highest shale-band of the Talerddig 
Group is brought to the surface between this point and Pont 
Dolfach by an anticlinal fold, the eastern limb of which appears to 
be partly replaced by a fault. Farther west, however, the Dolgau 
Beds once more make their appearance, owing to the presence 
of a shallow syncline, and occupy some 200 yards of the river-bed 
between Dolfach and the bridge below Pen-y-graig. In the centre 
of this trough a few feet of purple beds are shown, and on both the 
eastern and western sides the basement graptolitic beds of the 
Dolgau Group are seen resting upon the Upper Talerddig Shales, 

On the west side the Lower Dolgau Mudstones reach their best 
development in this part of the district, and show at least ten well- 
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marked black bands, all of which yield graptolites in relief. They 
include :— 


Monograptus priodon (CO). | Monograptus nudus (R). 
Monograptus crenulatus (f. C). Monograptus discus (R). 
Monograptus subconicus (C).. Retiolites Geinitzianus (f. C). 


This fauna agrees closely with that from the corresponding beds 
in the Tarannon section and elsewhere. 


Talerddig Group (Bc).—The Dolgau Beds pass down with 
complete conformity into the upper members of the Talerddig Group, 
which possess their usual characters. ‘lhe river, however, for the 
next mile or so runs through an alluvial flat, and only occasional 
rock-exposures are met with. From these, nevertheless, it is clear 
that the country for the next half-mile, at any rate, is occupied by 
the Talerddig Grits bent into gentle folds, similar to those observed 
in the south-eastern part of this section. 


Gelli Group (Bb).—At a point due south of Llwyn-ffynon, 
there is an exposure of bluish-black mudstones, shales, and small 
flags which are much disturbed. Their lithological characters 
suggest that they belong to a lower horizon than that of the 
Talerddig Group, and some yards lower down the river, just below 
Pen-y-geulan, the following characteristic Gelli graptolites were 
obtained : — 


Monograptus crispus (C). Monograptus priodon. 
Monograptus discus (f. ©). Monograptus nudus (2). 
Monograpius Marri. \ 


The beds here, and for the remainder of the section, consist of 
thickly-bedded, deep, bluish-black mudstones weathering into 
spheroids, separated by very thin sandy shale-partings from which 
the graptolites were obtained. In this western area, therefore, the 
Gelli Beds present lithological characters very different from those 
exhibited in the Tarannon River, but the faunas at the two 
localities are identical. 

Characteristic Gelli graptolites were also obtained from two. 
bands in the Rhiw-saeson, just below Wynnstay Bridge, 400 yards 
from the junction of that stream and the Iaen; and the Gelli 
Beds are probably continued westward as far as Tafolwern, where, 
they are cut off abruptly against another line of disturbance, 
marked by a large vein of quartz and much crumpling of the strata. 
No fossils could be detected in the beds lying immediately to the 
westward and the examination of the section was not continued ; 
but, from evidence obtained elsewhere, it is fairly certain that 
they belong to the Brynmair Group. 


Summing up the result of our examination of the Afon-Iaen section, 
we find that, in this northern area, it is possible to recognize the same 
groups of strata, arranged in the same order, as that worked out. 
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in the Tarannon Valley from the Nant-ysgollon Shales to the base of 
the Gelli Beds. As the Afon Iaen cuts across the main synclinal 
axis of the country we pass twice over the complete sequence, while 
some of the groups of strata are repeated oftener by smaller local 
folds. The paleontological characters presented by the various 
groups in the two areas are practically identical, and the lithology 
and thickness agree fairly closely. On the whole, however, the beds 
in this northern area are more argillaceous than in the south. The 
Gelli Beds here consist mainly of shales and mudstones, while the 
grit-beds in the Talerddig Group are thinner and less numerous. 

The Dolgau Beds retain their usual characters, but there is a 
greater preponderance of green rocks, and the purple bands, which, 
as we have seen, had a collective thickness of 175 feet in the 
Tarannon section, have decreased to 70 feet at the eastern, and even 
to 8 feet at the western end of the Afon-Iaen section. At the same 
time, however, the green bands which are interbedded with them 
appear to increase in corresponding proportion, so that the Dolgau 
Group, as a whole, does not show much diminution in thickness. 
At first sight, it appeared possible that there might be but one band 
of purple mudstone, which had been repeated by sharp isoclinal 
folding ; but mapping on the 25-inch scale proved beyond doubt 
that there was no evidence for such intense folding, and that the 
simplest interpretation of the facts is that given above. 

The variable character of its purple bands necessarily makes 
the threefold division of the Dolgau Group adopted in this paper a 
somewhat arbitrary one; but the Middle Purple Sub-group is so 
marked a feature over so large a part of the area that it can 
hardly be disregarded altogether. Moreover, the base of the Purple 
Group is on approximately the same horizon throughout the district. 


(ii) Section in the Railway-Cutting north of 
Llawr-y-coed. (See fig. 2, p. 672.) 


In this northern area there occur a few supplementary sections, 
which fall to be mentioned in this place. One of these is exhibited 
in the railway-cutting, east of the bridge due north of Llawr-y-coed, 
for a distance of about 170 yards. 

The northern bank of the cutting is here 20 to 30 feet high, 
and presents us with a good section of the Dolgau Beds. Immediately 
to the east of the bridge the Middle Purple division is shown, the 
beds striking 10° west of north, and dipping at 40° to 45° west- 
south-westward. There are three purple bands, respectively 11, 9, 
and 15 feet thick, separated by two green bands of 21 and 15 feet 
respectively. The lowest purple band is underlain by 36 feet of 
green shales and mudstones with prominent flags, which pass down 
into the basement-beds of the Dolgau Group containing the usual 
black shale-bands. A few fragments of graptolites were got from 
these shales, identical with those obtained from similar beds at 
Pen-y-graig and elsewhere, 

The Lower Dolgau Beds are bent into a sharp fold, which is 
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exceptionally well shown. It pitches to the southward, and is over- 
turned towards the east. The Lower Dolgau Shales are repeated 
on the east of this fold and continue to the end of -the section, 
where they are folded once more. In this cutting we have an 
index of the type of folding which is prevalent throughout the 
district. 


Fig. 2.—Section in the railway-cutting due north of Llawr-y-coed, 


on the scale of 25 inches to the mile. 
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(b) South Side 


Bd, = Middle Purple Sub-group of the Dolgau Beds. 
Bd, = Lower Green Sub-group of the Dolgau Beds, with graptolitic 
bands at the base. 


The section in the southern bank of the cutting, although not 
quite so clear, presents some differences. As far as 97 paces from 
the bridge the beds exposed agree in all particulars with those 
in the northern bank, but at this point purple mudstones are 
seen in the bank about 10 feet from the ground. This purple band 
comes down to the level of the railway-line 12 yards farther on, 
and extends for a distance of 21 yards, occupying the whole height 
of the bank, with the exception of the topmost part. It then rises 
up again towards the top of the bank, leaving the base to be 
occupied by the underlying green beds of the Lower Dolgau Group, 
The disposition of the strata on the two sides of the cutting is best 
understood by an examination of the two accompanying sections 
(fig. 2, a & 6, above), while the facts can be readily explained if we 
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remember that the folds pitch at a considerable angle to the 
southward, thus exposing higher beds in a southerly direction. 


Gili) Braichodnant Stream-Section, 


We have already seen that all the grit-beds of the Wenlock 
Series have been removed by denudation in the valley of the Iaen. 
To the south of that river, however, rise abruptly the steep slopes 
of Newydd Fynyddog, attaining to an elevation of 1400 feet. 
The top of this hill is capped by the massive grits belonging to 
the Denbighshire Series, and some of the streamlets which flow 
down its northern slopes present us with a complete sequence 
through the Nant-ysgollon Shales down to the Dolgau Beds of the 
main transverse section. 

The westernmost of these streams is the Braichodnant, which 
flows almost due north into the Iaen east of Braichodnant Farm. 
The lower 600 yards of its course are occupied by the Dolgau Group ; 
but the upper beds are not exposed, and the junction with the 
Nant-ysgollon Shales is not visible. About 300 yards from the 
point where the stream is joined by a small tributary we find an 
exposure of bluish mudstones and shales, which belong undonbt- 
edly to the lower part of the Nant-ysgollon Shales. ‘These have 
yielded at one or two horizons typical Lower Wenlock graptolites— 
Monograptus vomerinus, M. priodon, and Retiolites Geinitzianus. 

Proceeding up the stream, the slope of which becomes increasingly 
abrupt, we find a continuous exposure of the Nant-ysgollon Shales. 
The upper beds are less shaly than the lower, the mudstones 
becoming more compact and weathering into large spheroids. 
These upper beds have not yielded fossils as yet. 

Immediately above come the Fynyddog Grits, the junction 
between them and the Nant-ysgollon Shales being well seen at the 
bend of the stream below the point where the 1000-foot contour- 
line cuts it. The grits are massive, attaining a thickness of 2 to 
4 feet, and, with alternations of flags and shales, they continue up to 
the summit of the hill. The total thickness of the Nant-ysgollon 
Shales in this section must be at least 500 feet, which agrees fairly 
well with that (450 feet) estimated in the Tarannon section. 


(iv) Plas-bach Stream-Section. 


The junction of the Nant-ysgollon Shales with the underlying 
Dolgau Beds is well seen in the stream which flows down into the 
Afon Jaen, near Plas-bach. 

The high, steep banks of the lower part of the stream are occupied 
by the Upper Green Mudstones of the Dolgau Group. At a point 
where the 700-foot contour-line cuts the bed of the stream, a black 
shale-band has yielded abundant graptolites in a good state of 
preservation. The following species were recognized :— 

Monograptus crenulatus (C). Monograptus Linnarssoni (f. C). 

Monograptus spiralis, Tullb. (f. C). Monograptus priodon (f. C). 


Monograptus cf. nodifer (f. C). Monograptus nudus (R). 
Monograptus speciosus (©). Retiolites Geinitzianus (f. C). 
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This band undoubtedly marks the same horizon as that at the 
summit of the Dolgau Group described in the road-section (p. 668). 
Above it the Dolgau Beds pass up into the Nant-ysgollon Shales, 
and these in their turn into the overlying Fynyddog Grits. 


(v) Stream east of Lledcwm. 


The passage from the Dolgau Group into the Nant-ysgollon 
Shales and from those into the Fynyddog Grits may be examined in 
a small stream, on the south side of the hill east of Lledcwm. The 
uppermost band of the Dolgau Group here yields Monograptus crenu- 
latus, M. priodon, M. Linnarssoni, and Retiolites Geantzanus, and 
is overlain by typical Nant-ysgollon Shales with their characteristic 
fossils. In some of the higher beds of this Wenlock Group a few 
small brachiopods were obtained, associated with Monograptus 
riccartonensis, which appeared to be the characteristic fossil. 


(vi) Afon Cwm-Calch Section. 


The Afon Cwm-Calch is the main tributary of the Iaen. It rises 
on the Tarannon tableland near Sarn-ddu, and flows in a general 
north-easterly direction to join the Afon Iaen near Talerddig. 

For the lower half-mile of its course its valley is occupied by 
various members of the Talerddig Group, which are bent into gentle 
undulations, ‘The highest grit-band is shown just below the ford 
and small footbridge south-west of Fron; and some few yards 
above a thin dark shale-band, only a fraction of an inch thick and 
weathering to a brilliant orange tint, yields the following Talerddig 
species, with the local addition of the form here provisionally 
referred to M. dextrorsus, which occurs in great abundance :— 


Monograptus cf. dextrorsus (C). Monograptus discus (f. C). 
Monograptus griestonensis (£. C). Monograptus nudus (f. 0). 
Monograptus subconicus (C). Monograptus Marri (R). 


Monograptus priodon (©). 


No further exposures of the Talerddig Grits are seen in the 
valley, but they occupy the whole of the high ground of Ffridd-yr- 
Ystrad on the south-east. j 

The Dolgau Group is exposed in the valley between this hill and 
that of Sarn Bigog, but its junction with the underlying Talerddig 
Grits is not seen, The passage between them and the overlying 
Nant-ysgollon Shales is, however, well exhibited in the steep and 
narrow gorge of Nant-ysgollon, which affords the finest and most 
picturesque section of these beds in the district. 


These confirmatory sections prove clearly that, throughout the 
whole of this northern area, the lithology, the fossils, and the 
sequence of the strata are similar to those in the Tarannon section 
on the south. 


Or 
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(2) Western Area. 


We now turn to an examination of the sections which, lying to 
the west of the main syncline, are exposed on the western slopes 
of the tableland and in the open valley of the Twymyn, which flows 
nearly due north in a direction parallel to the synclinal axis. 

At the northern end of the Tarannon district, along the valley of 
the Iaen already described, we have seen that denudation has only 
proceeded to an extent sufficient to expose the Talerddig Grits and 
the underlying Gelli Beds. But in this western area it has laid 
bare still older groups, extending down through the base of the 
Tarannon Series into beds which are clearly of Llandovery (Birkhill) 
age. 

Unfortunately, the working-out of the descending succession is 
rendered difficult by the effects of the lateral pressure to which the 
strata have been subjected. The beds belonging to the lower 
groups are softer and more yielding than those of the upper, and 
they have therefore suffered to a greater extent from folding and 
cleavage. Not only are they bent into sharp anticlines and synclines, 
but the eastern limb of these folds is generally fractured, and in 
some cases older beds have been thrust over newer. Nevertheless, 
if we disregard the local complexity of detail, we can make out 
the general succession of the beds as a whole, and we find that 
continuously-older strata meet our view as we descend from the 
high ground of the Tarannon tableland on the east, down to the low 
level of the Twymyn in the west. I will proceed first to describe 
some of the rock-sections exhibited in the tributary streams of the 
Twymyn along the western slope of the Tarannon tableland, 
commencing with those at the southern end near Stay-a-little. 


(a) Sections of the Tarannon Series along the Western 
Slopes of the Tableland. 


(i) District between Crygnant and Stay-a-little. 


The sections in the southern part of this western district are for 
the most part short, and do not throw much light on the general 
sequence ; but they exhibit several points of interest with regard 
to the lithology and fauna of the individual rock-groups. 

Between Crygnant and Stay-a-little the Talerddig Grits make a 
prominent feature, forming the crags of Pen Cerrig-y-ffynnon, and 
presenting a steep scarp-face to the valley of the Afon Bachog, 
4 tributary of the Clwyddog. All along this line are numerous 
small streams, which have cut narrow but deep clefts through the 
Gelli Shales. The rocks of the Gelli Group are here of the type 
described in the Tarannon section, and consist of shales and 
numerous small flags, with an occasional grit-band. The typical 
Gelli graptolites, including Monograptus crispus, M. exiguus, 
M. Marri, M. priodon, and M. nudus, were found just above a smali 
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gravel-pit, on the hillside half-a-mile due north of Stay-a-little 
village. Similar forms were detected in the small stream farther 
south near the farm of 


i \ Ddwynant - gerig, about 
\ 150 yards below the 1-foot 
SS erit-band, at the top of the 
ee section which here marks 
i; the base of the Talerddig 
ies Group. 
= 2 (ii) Crygnant-Valley 
NS = Section. 
> 1 
“ o A longer and fairly- 
lon’ Se 5 . 
a continuous section of the 
wm a) various groups, from the 
ee eae 


top of the Nant-ysgollon 
re Shales to the top of the 
Gelli Shales, is exposed in 
the valley of the Crygnant, 
which rises within half-a- 
mile of Tarannon Farm, 
and joins the Twymyn near 
Pennant. 

A good section of the 
Nant-ysgollon Shales, from 
the summit to the base, is 
shown in the gorge east 
of Cwm Mawr, and the 
junction with the under- 
lying Dolgau Beds is 
marked by small grey- 
wacké - beds somewhat 
similar to those exposed 
along the Tarannon River. 
These shales have yielded 
the characteristic Wen- 
lock graptolites. 

Several good exposures 
of the various divisions of 
the Dolgau Group are seen 
in the upper part of the 
valley ; while the Talerddig 
Grits form a conspicuous 
feature in the bed of the 
stream for some 200 yards above Pont Crygnant. The shales in 
the lower part of the Talerddig Group are too highly cleaved to 
afford satisfactory paleontological evidence ; but, so far as one can 
judge, the boundary-line between these beds and the underlying 
Gelli Shales is approximately at Pont Crygnant. 


Scale of Miles 
/s 


Ba = Brynmair Group. 


Section along the Gelli-dywyll stream. 
Gelli- 
dywyll Farm. 


Fig, 3. 
Bb = Gelli Group. 


—— 
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(iii) Gelli-dywyll Stream-Section. (See fig. 3, p. 676.) 


Leaving the southern part of this western area and going north- 
ward towards its centre, we find that of all the small tributary 
streams of the Twymyn which drain this part of the Tarannon 
tableland, the only one that affords a good section is that near the 
farm of Gelli-dywyll. The heights of Mynydd-esgair above the 
source of the stream are occupied everywhere by the Talerddig Grits, 
while the stream itself reveals a complete section of the underlying 
Gelli Group down into the Brynmair Beds. The Gelli Beds are, on 
the whole, less sandy in this central area than in the southern part 
of the country, and contain more mudstones and shales.  ‘l'wo 
grits, about 2 feet and 1 foot thick respectively, similar to those 
observed in the Tarannon section low down in the Gelli Group, 
occur close to the eastern gate of the farmyard, and are repeated 
on the east by an anticlinal fold. Some papery shales overlying 
these two grits yield Monograptus crispus (f.C), M. priodon (C), 
and M. discus (R) [(1) in fig. 3}. 

Descending the stream, we find the Gelli Beds continued to a 
point some 300 yards west of the farm. The strata are much 
folded, and have not been examined for fossils in detail; though 
M, crispus was found in abundance on the northern bank, some 70 
to 80 yards below the mill-wheel. At a point (2) in fig. 3, however, 
where a small tributary stream enters on the northern bank, a band 
of dark-blue to black mudstone, dipping at an angle of 53° north- 
westward, yields :-— 

Monograptus runcinatus, mut. (C), Rastrites Linnei (young) (f. C). 
Monograptus ef. proteus (C). Monograptus turriculatus (R). 
Monograptus nudus (£.C). Retiolites cf. obesus, Lapw. (R). 


This assemblage of species has only been met with at one other 
locality in the district: namely, in the Twymyn, about halfway 
between Gelli-dywyll Mill and this Gelli-dywyll stream ; and it is 
difficult to identify some of the forms with known species. ‘The 
fauna, however, appears to indicate that these beds must be referred 
to a horizon fairly high up in the Brynmair or M.-turriculatus Group. 
I haye provisionally drawn the boundary-line between the Gelli and 
Brynmair Beds above this point along a line of disturbance. The 
Gelli Group in this section must be at least 800 feet thick. 

The Brynmair mudstones and shales are continued in gentle 
folds down to the junction of the stream with the Twymyn, where 
the beds are vertical in position ; no graptolites were obtained from 
them. 


(iv) Section in the Gelli Stream. (See fig. 4, p. 678.) 


The Gelli stream north of Llanbrynmair village affords a very 
similar section to that just described, but here practically the 
complete thickness of the Brynmair Beds is shown. This 
small stream rises high up on the western flanks of Newydd 
Fynyddog, and unites with the Twymyn south of Bont-y-Green. 


Fig, 4.—Section along the Gelli stream. 
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The upper part of its 
course, as far as the 
hedge which divides 
the moorland from the 
coppice and cultivated 
land below, is occupied 
by the various members 
of the Talerddig Group, 
which are well exposed 
and dip into the hill at 
25°. In this section, the 
thickness of the lowest 
shale-band of the Taler- 
ddig Group, which is 
not visible in other parts 
of this northern and 
western area, is proved 
to be about 200 feet. 
At its base, (1) in fig. 4, 
20 to 30 yards below 
the hedge, there occurs 
a grit 1 foot thick; and 
a thin shale-band imme- 
diately above it yields 
Monograptus Marri (C), 
M.nudus(C), M.priodon, 
M, subconicus, and M. 
gemmatus (?). 


Gelli Group (Bb).— 
The upper strata of the 
underlying Gelli Group 
consist of thinly-hedded 
shales and flags dipping 
south - eastward. They 
yield an _ occasional 
graptolite, such as MM, 
nudus and M. Marri. 
For about 50 or 60 yards 
above and below the road 
which leads to the farm- 
house of Gelli, there are 
no exposures ; but when 
the strata appear. once 
more, they consist of 
dark-bluish mudstones, 
thickly bedded and 
weathering spheroidally, 
with some more thinly- 
bedded shales and occa- 
sional flags. These rocks, 
which resemble litho- 
logically the Gelli Beds 
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as developed in the western part of the Afon-Iaen section, are 
continued down the stream for a distance of a quarter of a mile 
from the road. These lower Gelli Beds are much disturbed: at 
intervals they assume a vertical position, and become penetrated by 
quartz-veins. On the whole, however, they have a general steep 
north-westerly dip, and strike 20° to 50° east of north. 

At one or two localities typical Gelli graptolites were obtained. 
At one of these (2 in fig. 4, p. 678), 350 yards below the road 
above mentioned, Monograptus nudus (C), M.crispus (£.C), M. exiguus 
(f. C), and M. Marri (C) were collected; while at another (3 in 
fig. 4), 80 yards below, the beds yielded I. crispus (f.C), M. nudus 
(f. C), and M. discus (R). This is an undoubted Gelli fauna, and 
the rarity of M. discus may possibly indicate that the horizon is 
somewhere near the base of the group. 


Brynmair Group (Ba).—Another main line of disturbance is 
visible some 50 yards below the last-mentioned graptolitic locality, 
at a point where the stream makes a sharp bend; and a few feet 
lower down a thin band (4 in fig. 4) of shale weathering to a light 
orange-brown colour yields a large number of small fragments of 
M. runcinatus together with M. nudus (R), and one undeterminable 
species of Petalograptus. The occurrence of MM. runcinatus in such 
abundance indicates that these beds belong to the Brynmair Group ; 
and the abrupt change in fauna is highly suggestive of a fracture 
of some importance along the line of disturbance just mentioned. 
The rocks are unfortunately concealed for a distance of some 200 
yards, but beyond that point to the Twymyn River there is an 
almost continuous exposure of pale-grey mudstones and shales, 
dipping at low angles of 20° to 30° north-westward. No fossils 
were obtained from these in the Gelli stream ; but in the right bank 
of the T'wymyn (5 in fig. 4) a soft, dark, shaly band, splitting with 
a curious cuboidal fracture, yields the following Brynmair graptolites 
in a poor state of preservation :— 


Monograptus Becki, Barr. (C). Rastrites Linnei (BR). 
Monograptus runcinatus (?) (R). 

Another black-shale band, 140 yards farther down the river, is 
almost made up of a tangled mass of badly-preserved graptolites, 
including 
Monograptus cf. densus (v. C). Monograptus turriculatus (R). 
Monograptus cf. runcinatus (v. C). Dendrograptus sp. 

Immediately to the east of Bont-y-Green (6 in fig. 4) good 
specimens of M. turriculatus, M. cf. densus, and M. cf. eaiguus* were 
obtained: the occurrence of Monograptus ewiguus indicating that 
the fauna is approaching to that of the overlying Gelli Group. 
The beds which occupy the course of the river for the next quarter 


Monograptus turriculatus (£.C). | Petalograptus palmeus, var. tenuis. 


1 The form here referred to Monograptus exiguus has the typical shape of 
the species, but more distant thecee than are considered characteristic, 
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-of a mile consist of thickly-bedded, dark-blue, coneretionary mud- 
stones, with thin shale-partings. These are probably the highest 
beds that can be referred to the Brynmair Group; but no fossils 
were obtained from them at this locality. 


Fig. 5.— Sketch-Plan 


of the 


DOLGADFAN LOCALITY. 


Scale of Yards 
ees 


Ba2. Upper part 
Bar. Lower part 
Ac - Twymyn Beds Bont Dolgadfan 
Ac2.Zone of M. Sedgwickii 
Act. Grey barren mudstones 
Ab - Dolgadian Beds 


{ 
Ba - Brynmair Beds 
Zone of M. convolutus ke 


In descending the river, the low dip of the beds is seen gradually 
to change; and, in the neighbourhood of a small footbridge fully 
400 yards below Bont-y-Green, the strata, which here consist of 
banded grey shales, small flags, and soft dark mudstones, are either 
vertical in position or dip south-eastward, and show evidence of 
faulting and disturbance. A few yards west of the footbridge 
some fragments of graptolites were obtained from one thin, dark, 
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mudstone-band. They are too fragmentary and distorted to be 
identified with accuracy ; but it is possible to recognize Monograptus 
turriculatus (v. R), M. cf. galaensis, Lapw. (C), M. Halli? (f. C), 
M. proteus (?), and Retiolites sp. 

This fauna is very scanty and indefinite, but it would appear to 
belong to the Brynmair Group, although it occupies a distinctly-lower 
horizon than that of the beds at Bont-y-Green. That there is here 
an anticlinal fold, accompanied by a fracture of some importance, 
is more clearly seen at the next bend of the river farther north, 
where the right bank is occupied by a thick mass of quartz in the 
neighbourhood of which the beds are much crumpled ; while every- 
where to the east of this quartz-vein the beds dip south-eastward. 


(6) Sections showing the Relation of the Tarannon 
Series to the Llandovery Series in the Twymyn Valley. 


G) Pontbren-dibyn and the Twymyn near Dolgadfan. 


The stratigraphical relation of the Tarannon to the underlying 
Llandovery Series is well exhibited in three sections of the 
Twymyn; the northernmost, and perhaps the most interesting, of 
these is that in the valley of the Twymyn near Bont Dolgadfan, 
and in the small tributary stream of the Pontbren-dibyn which 
joins it on its left bank. (See fig. 5, p. 680.) 


Tarannon Series. 


Brynmair Beds (Ba). (Zone of Monograptus turriculatus.)— 
The Pontbren-dibyn flows for the lower 300 yards of its course 
through a fir-plantation, about a quarter of a mile south of Llan- 
brynmair village. At a point in the stream less than 100 yards 
below the main road, and just above a small hedge on the left bank 
(1 in fig. 5, p. 680), some grey- and black-banded mudstones are 
exposed, in the darker layers of which the following graptolites 
were found in a good state of preservation :—— 


Rastrites maximus, Cary. (R). | Monograptus subconicus ? (R). 
Rastrites Linnei (C). Monograptus gemmatus, Bary. 
Monograptus turriculatus (f.C). Monograptus Halli? (Barr.). 
Monograpius nudus (C.). Petalograptus palmeus mut. (£.C). 


Monograptus Becki (£.C). 

The beds at this locality dip 26° north-westward. The presence 
of M. turriculatus in fair abundance fixes the age of these beds 
as that of the Brynmair Group; but it is interesting to find that, 
in addition to the forms already obtained from them, there is the 
well-known species Lastrites maximus. This has been found at 
this one locality only. 

Llandovery Series. 

Twymyn Group (Ac). (Zone of Monograptus Sedgwickti, 
Ac,.)——Proceeding down the stream for 50 to 60 yards, we find 
interbedded with pale-grey shales and mudstones, and weathering 


to an orange-brown tint, a soft black-shale band (2 in fig. 5), which 
” ) 
BRIN 
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yields an abundance of graptolites. These are generally preserved 
as white films; and, while the identification of some of the more 
abundant forms with known species was a matter of difficulty, 
yet it was possible to recognize :— 


Monograptus distans, Portl. (vy. C). Monograptus runcinatus (R). 
Monograptus gaculum, Lapw. (C). Monograptus galaensis mut. (f. ©)." 
Monograptus discretus, Nich. (C). Diplograptus tamariscus, Nich. 
Monograptus Clingant, Carr. (R). Climacograptus scalaris, His. (?). 


Monograptus Sedqwickii, Porth. (v. C). 

Still lower down, at the point where the footpath from Llanbryn- 
mair village to Bont Dolgadfan crosses the stream, is an exposure of 
intensely-black soft shale, dipping north-westward at an angle of 57° 
to 60° (3 in fig. 5, p. 680). This shale is carbonaceous, and blackens 
the fingers. It weathers to a deep orange tint, and has a curious 
conchoidal fracture. An extensive dip-surface is exposed, and on 
this the graptolites, which are preserved as whitish films, show out 
conspicuously. The following species are recognizable :— 


Monograptus Sedqwickii (v.C). Diplograptus sinuatus, Nich. (f. C). 
Monograptus discretus (=M. tenuis, Diplograptus tamariscus. 
Tornq-) (v. C). Olimacograptus scalaris (£.C). 


Monograptus distans (2). 


This black-shale band has a thickness of about 4 feet, but is not 
equally fossiliferous throughout. It crops out again on the south 
side of the footpath, and in the bed of the stream below the foot- 
bridge ; and, between that point and the Twymyn River, the rocks 
laid bare consist of light-coloured brownish-grey shales and mud- 
stones containing patches of carbonaceous matter, but with no 
distinct black layers. 

Thus, rising out from below the Brynmair Beds we find an 
uninterrupted succession of about 140 feet of grey shales and mud- 
stones, with at least two black shale-bands. The faunas of these 
bands have several species in common, and may be referred to one 
zone which, on account of the great abundance of M. Sedgwickii, 
may be appropriately called the local zone of Monograptus 
Sedgwickit, Here, for the first time in the descending order 
of beds in this district, do we find a graptolitic fauna which is 
acknowledged to be of Upper Llandovery age—namely, that of the 
Upper Birkhill Shales of Southern Scotland and of the Caban Group 
of Rhayader; and we have, therefore, descended below the base-limit 
of the Tarannon Series. I term these beds the Twymyn Group; 
and they constitute the highest member of the Llandovery Series 
of this district, as distinct from the overlying Tarannon Series. 
The T'wymyn Group may be here divided into :—(1) M.-Sedgwickit 
Beds (Ac,), with two fossiliferous bands (90 feet) ; and (2) pale- 
grey mudstones (Ac,) (50 feet), containing no fossils at this locality. 


Dolgadfan Group (Ab). (Zone of Monograptus convolutus,)— 
The Lower Twymyn pale mudstones are continued in the bed of the 


* The form here named provisionally ‘ Monograptus galaensis mut.’ occurs 


in the M,-Sedgwickii Beds of the’South of Scotland, and is probably a new 
variety. 
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main Twymyn River for a few yards, but soon become intermixed 


with black shale-bands, 


Two of these exposed in the eastern bank 


at point 4 in the plan, fig. 5, p. 680, yield :— 


Monograptus convolutus, His. (f. C). 
Monograptus gregarius, Lapw. (f.C). 
Monograptus communis mut. (f. C). 
Monograptus leptotheca, Lapw. (RB). 


Monograptus triangulatus (2?) His. 
Climacograptus scaluris (O). 
Diplograptus sinuatus (f.C). 
Petalograptus minor, Wiles (RB). 


These beds dip steadily in a north-westerly direction under the 
Twymyn Group, and must therefore be on a lower horizon. The 
fauna is essentially distinct from that of the ‘ Sedgwickii’-Beds, 
for of eight species only two survive into the higher zone. They 
should therefore be regarded as constituting part of a distinct group 
of the Llandovery Series, which may be termed the Dolgadfan 
Group, from the neighbouring hamlet. The characteristic grap- 
tolite of its fauna is Monograptus convolutus, which has consequently 
been selected as the local zone-fossil. 

Continuing the section down the valley, we find the Twymyn 
turning sharply to the east, and along this east-and-west reach of 
the river the Llandovery rocks present much the same lithological 
character of finely-banded grey and black shales and mudstones. 
They are, however, much folded and fractured and penetrated by 
quartz-veins, although the general dip is 70° to 90° north- 
westward. Such few graptolites as were obtained were clearly 
of the Dolgadfan type. 

Leaving this part of the river, and going farther down to the 
point 5 (see fig. 5, p. 680) where the river flows westward, we find 
exhibited along the northern bank the nose of an anticlinal fold, 
much faulted. Almost in the centre of this fold a thin black shale- 
band, splitting into layers no thicker than a sheet of paper, yields 
an abundance of well-preserved graptolites. The following species 
are present :— 

Monograptus leptotheca (v. ©). Petalograptus palmeus. 
Monograptus ef. decipiens, Tornq.(v.0). | Petaloyraptus ovato-elongatus, Kurck. 
Monograptus gregarius (C). (f. CO). 

Monograptus harpago, Vornq. (f. C). Petalograptus minor, Elles. 
Monograptus convolutus (R). Cephalograptus petalum, Elles. 
Monograptus nuntius, Barr. (BR). Diplograptus magnus, H. Lapw. (f. C). 
Climacograptus Hughesi, Nich. (=wn- | Diplograptus beliulus, Vornq. 

dulatus, Kurck.) (C). Diplograptus sinuatus (2). 
Climacograptus scalaris. 

This fauna, though much richer in species, has considerable 
similarity to that of the zone of Monograptus convolutus already 
described, and may be referred to the same zone; but it is suffi- 
ciently distinct to be regarded as marking another, and probably 
lower, band in that zone. 

Immediately to the east of this anticlinal axis, and faulted against 
the Dolgadfan Beds, occur thick black shales which both in litho- 
logy and in fauna clearly belong to the overlying ‘Sedgwickii’- 
Beds. They yield Monograptus Sedgwickiz and M, discretus. The 
beds are much disturbed, but dip off the anticline at high angles 
north-eastward. 
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Passing now to the other and west side of the anticline, we find 
that, as the river bends to the north, the beds gradually pass from 
a vertical position to a steady dip of 40° or 50° north-westward. 
Finely-banded grey and black shales and mudstones are exposed in 
the bed and left bank of the river, but they are accessible only 
when the water is at a very low level. At a point between 80 and 
90 yards due north of 5 in fig. 5, p. 680, and immediately to the 
south of a small tributary stream (6 in fig. 5) on the right bank, a 
fossiliferous band yields characteristic Lower Brynmair species :— 


Monograptus turriculatus (v.O). Monograptus reqularis, Tornq. (R). 
Monograptus runcinatus (vy. C). Monograptus Halli (R). 
Monograptus jaculum (f.C). Petalograptus minor (R). 
Monograptus nudus (£. C). Climacograptus scalaris (£.C). 
Monograptus Becki (2). Diplograptus tamariscus ¢ (f. C). 


Monograptus involutus, Lapw. (?) (£.C). 


Thus, although the Twymyn Beds have not yet been actually 
detected in this section, it is practically certain that on this 
western limb of the anticline there is, as in the Pontbren-dibyn, 
a continuous and undisturbed sequence from the Dolgadfan Group 
up to the Brynmair Group. 

Returning to the eastern limb of the anticline, we find that the 
‘ Sedqwickit’-Beds are cut off abruptly on the east, by a line of great 
disturbance which is visible all along the eastern bank of the river, 
the beds being twisted up, faulted, and penetrated by quartz-veins 
of considerable size. The right bank at this point (7 in fig. 5, 
p- 680) is high, and is occupied by Brynmair mudstones and shales 
dipping at a steep angle north-westward. They yield :— 

Monograptus cf. densus (vy. C). Monograptus gemmatus (!). 
Monograptus proteus (R). Rastrites Linnei (1). 
Monograptus mudus (R). 

The fauna, although not very distinctive, appears to show that 
these beds occupy a horizon fairly high up in the Brynmair Group. 

Thus, in the valley of the Twymyn at this locality, the Llandovery 
Beds are folded into a sharp and broken anticline. The Dolgadfan 
Beds (zone of M. convolutus), represented by two bands, occupy the 
centre, and are followed on the west side in perfectly conformable 
succession by the Twymyn Beds (zone of M. Sedqwickit), and these 
in their turn by the Lower Brynmair Beds (zone of M. turriculatus). 
On the east side the ‘ Sedgwickit’-Beds are seen in part, but they 
are faulted against the Upper Brynmair Beds, the whole of the 
lower portion of the group being cut out. 

Additional sections are exhibited in the bed of the Twymyn 
between the point last described and Bont Dolgadfan, but they 
have not been examined in detail, owing to the difficulty of access 
to the exposures. The relations of the beds are therefore only 
indicated generally on the sketch-map (fig. 5, p. 680). Somewhat 
older Brynmair Beds, containing Rastrites Linnei, R. hybridus (7), 
Monograptus runcinatus, M. gemmatus, M. Becki (?), and Diplo- 
yraptus tamariscus, occur some few yards below the weir (8 in 
fig. 5), and Rastrites Linnei was found in fair abundance on the 
north side of the road to the east of the bridge (9 in fig. 5); while 
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the typical Upper Brynmair mudstones, as exhibited near Bont- 
y-Green, occupy about three quarters of a mile of the Twymyn 
Valley to beyond Gelli-dywyll Mill. Near Bont Dolgadfan (10 in 
fig. 5, p. 680) these beds dip 37° almost due north, and contain 
abundant examples of Monograptus cf. densus. 


(ii) Afon Fachdre, Pennant. (See fig. 6, p. 686.) 


Farther up the Twymyn Valley other important exposures occur, 
showing the relationship of the Brynmair Group to the older 
Llandovery Beds. These are exhibited in the Twymyn and its 
tributary the Afon Fachdre, near the hamlet of Pennant, about 
2 miles south of Dolgadfan. 


Brynmair Group (Ba).—The bed of the Twymyn, from Pont- 
bren Llam to the Pennant factory, is occupied by the typical mud- 
stones of the Upper Brynmair Group, which are arranged in gentle 
undulations, the dip varying in amount from 8° to 10°, and the 
strike swinging round through an angle of 90°. A few yards to 
the north-east of the factory itself, a small thrust-fault with a low 
hade is seen in the left bank, the crush-band being 1°6 to 2 feet in 
width. The throw of this particular fault is slight, for the beds on 
both sides are similar in lithological character ; but it is significant, 
as indicating the type of movement met with in this part of the 
district. These Brynmair strata (1 in fig. 6, p. 686) afford grapto- 
lites in the thin shale-partings between the mudstone-beds, including 
Monograptus ct. eaiguus (v.C), M. cf. densus (C), M.turriculatus (R), 
M. nudus (f. C), and Petalograptus palmeus, var. tenuis. 


Dolgadfan Group (Ab). (Zone of Monograptus fimbriatus, 
Ab,.)—Leaving the main river, and ascending the tributary of the 
Fachdre, we find these Upper Brynmair mudstones! exposed in the 
stream for some 50 or 60 yards. On the northern bank, however, 
at the point where the brook turns abruptly to the south, and quite 
close to the old Mill-wheel (2 in fig. 6, p. 686), we come suddenly 
upon older rocks of a different lithological type, much contorted and 
disturbed. They consist of finely-banded mudstones and shales, 
weathering deeply to an ashen-grey tint, and stained orange; they 
yield an abundance of graptolites in some of the darker seams, 
The following species were identified :— 

Monograptus fimbriatus, Nich. (v.C). | Diplograptus magnus (C). 
Monograptus gregarius (£.C). Diplograptus tamariscus (f.C). 
Climacograptus Hughest (©). Diplograptus parvulus, H.Lapw.? (C). 
Climacograptus rectangularis (£. C). Petalograptus minor (f. C). 
Climacograptus scalaris (C). 

This fauna possesses so many features in common with that of 
the Dolgadfan Beds (zone of JZ. convolutus), that there can be no 
hesitation in including these deposits with the Dolgadfan Group ; 
but the rarity of species of Monograptus, and the great prepon- 
derance of Climacograptids and Diplograptids, point clearly to the 
probability of these beds belonging to a lower horizon in that 
group. The abundance of JM. fimbriatus naturally suggests that 
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these beds should be distinguished as the zone of Monograptus 
fimbriatus. 

At this point there must be, as in the Twymyn near Dolgadfan, 
a fault dividing the Llandovery Beds from the Tarannon, but having 
a still greater throw. 


gre 


~ 


Pontbren Llam —\ 


Ab = Dolgadfan Beds (Zone of Monograptus fimbriatus). 
Dimorphograptus Swanstone). 


of the 


PENNANT AREA. 


An = Fachdre Beds (Zone of 


Fig. 6.— Sketch-Plan 
Scale of Yards 


Ba = Brynmair Beds (Upper Mudatones),! 


Fachdre Beds(Aa). (Zone of Dimorpl ) 
: orphograptus Swanstont.)— 
Wherever the rocks are seen to the west of “this locality, they 
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are in amore or less vertical position, and much disturbed. In 
the bed and northern bank of the Fachdre below Plas Pennant, 
papery but rather sandy shales, compact calcareous mudstones, 
and small flags are twisted up, folded, and faulted. Some of the 
darker shaly bands yielded a few poor fragments of Climacograptus 
rectangularis and Cl. scalaris, while just below the path from the 
farmhouse down to the stream (3 in fig. 6, p. 686), Miss Elles was 
fortunate enough to hit upon a fossiliferous band among some dark 
sandy mudstones, which yields in relief :— 
Dimorphograptus Swanstoni, Lapw. Diplograptus vesiculosus, Nich. (v. R). 
x (v. C). | Monograptus tenwis, Portl. (f. C). 
Climacograptus medius, Tornq. (v. C). | Orthoceras sp. 
Climacograptus Hughesi ? (R). | 

This fauna is so distinct from any detected elsewhere in the 
district, that it must not only constitute a special zone, but must also 
be referred to a fresh group of strata, for which I suggest the name 
‘of Fachdre. This Fachdre Group constitutes the lowest member of 
the Llandovery Series found inthe Tarannon district, and may be 
distinguished as the zone of Dimorphograptus Swanstoni, 
It must have a thickness of 100 to 150 feet. Its junction with 
the overlying Dolgadfan Beds is obscure in this section. 

No further palzontological evidence has been obtained from the 
rocks in the upper part of the Fachdre Valley. The beds are at 
first much disturbed, but gradually assume a north-westerly dip ; 
and, judging from graptolitic evidence obtained in the Conroy 
Valley, only a third of a mile to the north, there can be little doubt. 
that the various members of the Llandovery and Tarannon Series, 
at any rate as high as the Brynmair Beds, will be found again to 
the west. 

Thus, in this Afon-Fachdre section, the Upper Brynmair Beds 
with their usual characters are seen to be faulted against a broken 
anticline of Llandovery strata on the east, but to follow them 
conformably on the western side. 

Although the Lower Brynmair Beds are faulted out in the Fachdre 
section, yet they come in again much disturbed a quarter of a mile 
higher up the Twymyn Valley, where they yield Rastrites Linnean, 
Monograptus runcinatus, M. jaculum, and M. turriculatus; and 
some 200 yards to the west, Fachdre Beds are exposed at the 
corner of the road from Pennant to Pentre Cil-cwm. Here Mono- 
graptus tenuws and Climacograptus medius were obtained from 
some sandy micaceous shales, weathering to a bright reddish-orange 
tint, and associated with flags of 2 to 3 inches in thickness, 

No sections are seen in the valley of the T'wymyn for the next 
mile and a half of its course, but west of the river, along the 
road to the north-east of Pennant-isaf, there is an exposure of 
Llandovery rocks, possibly referable to the Monograptus-fimbriatus 
zone. The graptolites, which are wretchedly preserved, include 
the following :— 

Climacograptus scalaris (C). Monograptus triangulatus ? (f. ©). 

Climacograptus rectangularis (f. C). | Monograptus regularis (BR). 

Monogruptus fimbriatus ? (f.C). Monograptus tenuis (R). 


(See pp. 682 &§ 689.) 
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Nig. 7.—Longitudinal section through the Tarannon district. 
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(ii) The Twymyn below 
Craig-y-Maes. 


South of the farmsteads of 
Pennant-isaf and Pennant-uchaf 
Sa the valley of the T'wymyn nar- 
\ rows to a deep gorge, and a con- 

‘oe tinuous section is seen in the bed 
Ain ‘ of the river for fully half a mile, 

\63% while the crags of Maes and Foel, 
y on either side, afford excellent 
rock-exposures to the climber. 
The part occurring between the 
small footbridge at the extreme 
northern end and a small tribu- 
tary stream on the right bank, 
which has cut a deep and pre- 
cipitous gorge from the top of 
Foel down to the main river— 
a height of nearly 600 feet— 
has been examined only in a 
general way, sufficient to satisfy 
409 myself that the sequence, fossils, 
and structure of the strata 
in this southern part of the 
Twymyn Valley correspond with 
those observed elsewhere. 

The beds here exposed consist 
of the Llandovery strata and 
part of the overlying Brynmair 
Shales, and they are bent into a 
main anticlinal fold, with nume- 
rous subsidiary undulations and 
fractures. As in the other sec- 
tions already described, there is 
a normal sequence of rocks on 
the western limb, while some of 
the beds are faulted out on the 
eastern side. 

The Brynmair Beds consist 
here of pale greenish-grey mud- 
stones stained with manganese, 
and hardly distinguishable in 
mineralogical character from the 
Upper Dolgau mudstones, At 
their base a dark shale-band, 
\ dipping at 45° north-westward, 
fA yields :— 

0 Monograptus distans ? (C). 

Monograptus cf. Becki (£. C). 

Me Monograptus Halli (R). 

MO Monograptus regularis (R). 
Petalograptus palmeus (RB). 
Climacograptuseatremus, H.Lapw.(C). 
Judging from the fauna, this band 
is close to the junction of the 
Twymyn and Brynmair Groups. 


Ba = Brynmair Group. 


Bb = Gelli Group. 


! 
2 
Bd = Dolgau Group. 


Be = Talerddig Group. 


Scale of Miles “ 


Ca = Nant-ysgollon Shales. 


ce) 
Ob = Fynyddog Grits. 
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A complete sequence through the whole of the Twymyn Beds is 
shown in this section, and they must have a thickness of about 
150 feet. Another fossiliferous band is found at the base of the 
Lower Twymyn Beds, about 200 yards north of the tributary 
stream, and south of a small group of trees on the right bank ; here 
a black shale-band rich in iron-pyrites yields :— 


Rastrites peregrinus, Bary. (C). Monograptus decipiens (2) Tornq. 
Monograptus regularis (C). f.C 
Monograptus crenularis, Lapw. (C). Climacograplus Hughesi (C). 
Monograptus harpago (v. ©). Climacograptus scalaris, 
Monograptus limatulus, Tornq. (C). Diplograptus tamariscus. 


This assemblage of species corresponds to that of the zone of Cephalo- 
graptus cometa, which elsewhere in Britain, and in Scania, underlies 
the zone of Monograptus Sedqwickti. 

The axis of the main ‘'wymyn anticlinal fold is seen still higher 
up the river, while the junction of the [wymyn Beds with the Bryn- 
mair Group on the eastern limb of the fold is well exhibited about 
one-third of the way up the gorge of the tributary stream. Here 
the ‘ Sedgwickii ’-Beds, containing the characteristic graptolites, are 
folded and faulted against Brynmair Shales which have yielded :— 
Monograptus Halli, M. nudus, Petalograptus palmeus var. tenuis, 
Rastrites Linnei, Retiolites ef. obesus, and other typical forms. The 
Brynmair Beds occupy the whole of this gorge up to the top of Foel, 
and must have a thickness of at least 700 to 900 feet. ‘They are 
arranged in a synclinal form, which may account for the hill of Foel 
intervening between the valleys of the ‘'wymyn and the Crygnant. 


Summarizing the results arrived at by the examination of the 
sections in the western part of the district, we find that, as we pass 
from the heights of the Tarannon tableland on the east to the 
valley of the Twymyn on the west, there is a complete descending 
sequence of strata from the Wenlock Series at the summit, through 
the Tarannon Series along the flanks, down to the Llandovery 
Series at the base. Unlike the higher beds at the top of the 
tableland, which are arranged in a synclinal form, the lower beds 
are irregularly disposed on both sides of a broken anticline running 
more or less parallel to the course of the river-valley of the Twymyn. 
The general arrangement of the strata is shown in the accompanying 


generalized sections (fig. 7, p. 688 & Pl. XLVIII, fig. 2). 


Note on the Eastern Area.—We have now completed our 
survey of the various sections exposed in the Tarannon district, 
with the exception of those on the eastern flanks of the Tarannon 
tableland in the direction of Carno. In this area, however, the 
rocks are so folded as to result in the repetition of the Talerddig 
group of strata for great distances. Most of the streams, too, are 
entirely occupied by Drift, and exhibit no rock-exposures—it has 
therefore been necessary to map the boundaries between the forma- 
tions almost entirely by the form of the ground. None of the 
sections throw additional light, either on the sequence of the strata 
or on the structure of the country, and they need not therefore be 
described. 


Fig. 8.—Generalized vertical section of the strata in the Tarannon district. — 


CO = Wenlock Series. 


7 1 Massive micaceous and felspathie grits, 
Cbh=Fynyppoe Grits: 


1500 feet. flags, shales, and mudstones, 


Ca=N ANT-YSGOLLON 
SHALES : 
450 to 500 feet. 


: Blue and brown mudstones, flags, and sandy shales, : 
ic Monograptus rccartonensis, M. vomerinus, Cyrtogre 
| AMurchisoni, etc. 

! 


) Si : 
B=Tarannon Series. , Black band with 17. (C) spiralis, M. nodifer, 
i f Pale-green compact mudstones. [Z2. Geinitzianus, ete 
Bd=Doxreau Group: 


400 to 450 feet. Mixed purple and green mudstones, with a few flags. 


Green shales and flags, with black bands yieldiy 
Monograptus crenulatus, Retiolites Geinitzianus, ete 


6th Shale-band: shales and small flags. 


5th Grit-band: thick quartzose grits, alternating + 
( shales and greywacké-flags. Monogrwplus griestoner 
) M. subconicus, M, discus, M. nudus, etic. 

—-5th Shale band. 


—4th Shale-band, 
—3rd Shale- band. 
2nd Shale-band. 
—lst Grit-band. 

\ 


\ Ist Shale-band: flags and thin shales, with Monogra 


griestonensis, M. discus, M. Marri, ete. 


Be=TaLerppic Grovr: 
900 to 1150 feet. 


4th Grit-band. 
3rd Grit-band, 
2nd Grit-band. 


| Shales, finely laminated, and numerous thin greywa' 
flags, with Monograptus crispus, M. eziquus, M. dis 
Petalograptus tenuis, ete. 

Bb=GeEtui Group: 


) 
800 to 900 feet. Ere tide erits: 


| Shales and compact mudstones, with a ew flaggy lay 

i Monograptus crispus, M. exiguus, M. priodon, M. dis 
ete. 

) 

\ 


\ Compact blue mudstones, with sandy partings, ¥ 
| Monograptus turriculatus, M. densus, M. exriguais, ete. 
J | 
Ba=Brryymarr Group: . 
900 to 1000 feet. Pale-grey, thinly-bedded mudstones, with occasicanal fz 
and numerous black shale-bands: Zastrites Lvinr 
Monograptus Becki, M. runcinatus, M. turricula 

M. proteus, Retiolites obesus, etc. ; 


Meeitlandovery Series ats ) Black band, with Rastrites maximus, ete. 
Ac=Twrmyw Group: 
150 feet. 


Ab=DoLcapran Group: 


[cretus, | 
—— : Soft grey and black shales, with M. Sedqrickii, M. ¢ 
= | %7Grey mudstones, with black band: Rastirites peregrii 
SS |-- %  Monograptus crenularis, M. limatulus, ete. ‘ 


150 feet 2 eed ¢ Hinely-banded grey and black shales, with M. convolu 
Via “C t . SSS -- - M. gregarius, M. leptotheca, 0. Hughesi, D. magnus, € 
a Neh festa 3 ( a \Monograptus-fiml rialus band; C. rectangularis, ete. 


Micaceous sandy shales, calcareous mudstones, flags, ¢ 
Dimorphograptus Swanstont, M, tenuis, Cl. medius, eti 
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Ill. Generar Summary. 


(A) The Taranuon Sequence. 


Having completed the examination of the more important sec- 
tions in the Tarannon District, we may now summarize the results 
achieved with regard not only to the lithological, but also to the 
paleontological characters of the rocks, and compare them with their 
equivalents elsewhere. 

We have seen that, in this Tarannon area, resting conformably 
on Llandovery rocks below and passing up without a break into 
Wenlock Beds above, occurs a series of strata some 3000 to 3500 feet 
inthickness. This great rock-series, which we term the Tarannon 
Series, is stratigraphically continuous from base to summit, and 
includes the four divisions of the Brynmair, Gelli, Talerddig, and 
Dolgau Groups, which, while they possess distinctive features of 
their own, are bound together by common paleontological charac- 
teristics. 

The Brynmair Group (zone of Monograptus turriculatus), 
which constitutes the lowest division of the Tarannon Series, 
consists of pale to dark-grey mudstones and shales, with only 
occasional bands of flaggy material. In the overlying Gelli 
Group (zone of Monograptus crispus), the sediments become some- 
what coarser in character, but they vary in different parts of the 
district. In the south, sandy flags and well-laminated shales occur 
in almost equal proportions ; but in the north-west mudstones and 
shales predominate. The Talerddig Group (zone of Mono- 
graptus griestonensis) above is essentially a sandy one, and contains 
numerous bands of thick grit which are generally massed together 
at four or five distinct horizons. As with the underlying Gelli 
Group, its sediments become finer as a whole when followed to 
the north. The highest member of the Tarannon Series, namely the 
Dolgau Group (zone of Monograptus crenulatus) (local Tarannon 
Shales of the Geological Survey), consists of pale-green mudstones 
and shales interbedded with a varying number of purple bands. 
These purple bands are very prominent in the southern part of the 
district, but almost disappear as they are traced north-westward, 
where their place is taken by bands of a green tint. 

The Tarannon Series is overlain with complete conformity by the 
Wenlock Series, which in this district consists of a lower shaly 
division—N ant-ysgollon Group (zones of Cyrtograptus Mur- 
chisont and Monograptus riccartonensis); aud an upper and coarse 
gritty division—the Fynyddog Group, or Denbighshire Grits, 
having a collective thickness of 1500 feet. 

The Tarannon Series passes down, also without a break, into the 
Llandovery Series, which has at present been recognized in this 
district only in the centre of the Twymyn Valley. The Llandovery 
sediments are formed of finer material, and their component divisions 
are much thinner than those of the overlying Tarannon and Wenlock 
Series, and collectively only 300 or 400 feet thick. Three divisions 
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are recognizable:—The highest or the Twymyn Group consists 
of pale mudstones, with occasional black shale-bands. It contains 
two zones, namely those of Monograptus Sedgwicki and Cephalo- 
graptus cometa. It passes down with complete conformity into the 
Dolgadfan Group (zones of Monograptus convolutus and M. fim- 
briatus), the sediments of which are fairly similar to those of the 
overlying group but contain more numerous black bands. The 
lowest beds yet detected in the district constitute the Fachdre 
Group (zone of Dimorphograptus Swanstoni), and consist mainly 
of sandy or calcareous mudstones with some gritty bands. 


(B) Comparisons with the Graptolitic Deposits of other 
Areas. 


(a) Palaeontological. 


With the exception of two small brachiopods, an Orthoceras, a 
doubtful trilobite, and abundant worm-burrows, the only fossils 
hitherto found in this Tarannon district are graptolites. These are, 
however, numerous both as regards individuals and as regards 
species, The identification of several forms has been rendered 
difficult, partly on account of their imperfect preservation, and 
partly from our Jack of exact knowledge concerning many of the 
species found at corresponding horizons in other parts of Britain. 
Hence the comparison of the graptolites, based as it is on im- 
perfect lists, is byno means so complete and satisfactory as it would 
otherwise be. 

The accompanying Tables illustrate the geological range of the 
various species of graptolites found in the Tarannon district and their 
geographical distribution. In Table I the species are arranged in 
the first column in alphabetical order; in Table II they are arranged 
so as to show, as far as possible, their order of appearance in the 
Tarannon country. The relative abundance of the species is also 
denoted by letters, as without this it is almost impossible to form 
a correct idea ot the distinctiveness of the local zones. 

Examining these lists generally, we can have no hesitation in 
paralleling the Llandovery Series of the Tarannon district with the 
Birkhill Beds of the South of Scotland, the Tarannon Series with 
the Gala Group, and the Wenlock Series with the Riccarton Beds. 

Before discussing the question of the fauna of the Tarannon 
Series, we may briefly consider that of the underlying Llandovery 
Series. Out of the total number of 39 species found in this series, 
29 are known to occur in the Birkhill Shales, and the remaining 
10 are forms which have been described since the Birkhill Shales 
were originally zoned by Prof. Lapworth. 

Considering first the Fachdre Beds, we find it possible to institute: 
a close comparison between their fauna and that of the highest band 
of the zone of Diplograptus vesiculosus in the Moffat District. This 
band is there, here, and elsewhere, characterized by the presence of 
species of Dimorphograptus and by the occurrence of the first known 
Monograptid, namely Monograptus tenuis. 
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The Dolgadfan Beds are represented in the Tarannon District by 
two zones, namely, those of Monograptus fimbriatus and M. con- 
volutus. These correspond collectively to Prof. Lapworth’s single 
zone of M. gregarius of the Birkhill Shales. That zone contains 
a rich and varied fauna, and subsequent work! has shown the 
possibility of dividing it into at least three distinct sub-zones, of 
which M. fimbriatus is practically the lowest. 

The assemblage of species met with in the Dolgadfan zone of 
M. convolutus corresponds to that of the upper part of Prof. Lap- 
worth’s zone of M. gregarius. This zone has been detected at two 
different localities in the Twymyn Valley near Dolgadfan, and the 
species vary considerably at the two spots. In its lowest band, the 
zone-fossil itself is rare and M. leptotheca and M. cf. decipiens are 
the abundant forms; while in its upper band these two species 
appear to be absent, or at any rate are very rare, and a form which 
finds its nearest ally in JZ. communis is the most prevalent species. 

The two zones of the Twymyn Beds, namely those of Cephalo- 
graptus cometa and Monograptus Sedqwickii, can be exactly paralleled 
with the corresponding zones in the Upper Birkhill Shales of the 
South of Scotland. The zone-fossil of the ‘cometw’-band has not 
been detected as yet in the Tarannon district, but it is always a rare 
form. ‘The graptolites found in the local zone of MW. Sedqwickii are 
typical of that zone wherever it has been recognized. In its lowest 
beds, AZ. Sedgwickit and M. discretus occur almost to the exclusion 
of other species; while in the upper part new species characteristic 
of still higher horizons begin to make their appearance. 

Thus, in the Llandovery Series of the Tarannon district, which 
underlies conformably the Tarannon Series, we have the undoubted 
representatives of all the Lower, Middle, and Upper Birkhill zones 
with the exception of the lowest (Diplograptus acuminatus) and the 
highest (Rastrites maximus). The former is not laid bare in this 
district, and the latter will be referred to subsequently. 


Turning now to the Tarannon Series, we find that in this district 
it has been possible to distinguish four local zones, namely, those of 
Monograptus turriculatus, M. crispus, M. griestonensis, and M. crenu- 
latus. Some of these have been already recognized elsewhere (p. 696); 
and as our knowledge of the distribution of the graptolites increases, 
it is possible that these zones may be found to have more than a 
local application. 

A close comparison between the Tarannon Series as a whole, and 
the Lower and Upper Gala Beds of the South of Scotland can be 
instituted, if the zone of Ltastrites mawimus is included. it is true 
that out of the 38 species found in this district, only 18 have been 
recorded from the South of Scotland ; but of this total of 38 no less 
than 13 are forms unknown when the Scottish beds were zoned, 
and the comparison would be far closer if revised lists of the Scottish 
graptolites were taken instead of the published lists. 


1 J.B. Marr & H. A. Nicholson, Quart. Journ. Geol. Soc. vol. xliv (1888) 
p. 654; and H. Lapworth, Quart. Journ. Geol. Soe. vol. lyi (1900) p. 67. 
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The lowest graptolitiferous band in the Brynmair Beds (zone 
of Monograptus turriculatus) is that containing Rastrites mavimus, 
This has only been detected with certainty at one locality, and has 
there yielded nine species. Of this total six occur in the zone of 
R. maximus in the South of Scotland and six in the Lower Gala 
Beds. Considering now this fauna in the Tarannon district, it is 
found that only 2. maximus itself is restricted to this band, the 
remaining eight species occurring in the succeeding beds of the 
Brynmair Group. Only one species—Monograptus Halli—has at 
present been detected in the underlying ‘ M.-Sedgwickw’ Beds, 
although M. runcinatus and M. jaculum, which occur in both the 
M.-Sedqwickii and M.-turriculatus Beds, will probably be detected 
in the intervening R.-maximus band. If we include in this band 
the species collected from the bed in the upper part of the Twymyn 
Valley (p. 688), at the base of the Brynmair Group, the abrupt 
change in fauna is less conspicuous; but eveh in this case the 
palzontological break between the ‘ Sedgwickii’- and ‘ maximus ’- 
beds is far more marked than it is between the ‘ maximus ’-band 
and the rest of the Brynmair Group. At any rate, it is clear that 
in the Tarannon district the band with Rastrites maximus must fall 
into line with the remainder of the Brynmair Beds, and is hardly 
worthy of differentiation as a distinct band. 

The fauna of the Brynmair Group, as a whole, varies considerably 
between its lowest and its highest limits, and additional work might 
lead to further zoning, but our knowledge is at present insufficient. 
Monograptus turriculatus occurs throughout the group, but is most 
abundant in the lower beds, where it is generally associated with 
M. runcinatus, M. Becki, and Lastrites Linnei. The higher beds 
are apparently characterized by the presence of Monograptus proteus 
and a form which is best compared with MM. densus, Perner; while 
M. ewiguus does not make its appearance until the higher beds. Of 
the total of 27 species found in the Brynmair Beds, 14 occur in the 
Lower Gala of the South of Scotland, and the comparison is again 
still closer if we include new species. There can be no doubt, 
therefore, that the Brynmair Group corresponds to part, at any rate, 
of the Lower Gala Beds and the zone of Rastrites maximus. 

As regards the Gelli Group, an examination of the lists shows 
that out of its eleven species, six occur in the Lower Gala Beds 
and four in the Upper Gala. Thus, these beds have on the whole 
affinities with the Lower Gala, rather than with the Upper, 
especially as the characteristic graptolite of the Gelli Group— 
namely, Monograptus crispus—is confined to the Lower Gala Beds, 
Hitherto M. exiqguus has been regarded as the zone-fossil of this 
horizon, but in the Tarannon district this species is not so restricted 
in range as M. crispus, and this latter has therefore been selected as 
the local zone-fossil. 

A reference merely to the published lists gives but little guidance 
to the true zonal position occupied by the Talerddig Group. As 
a matter of fact, however, the species found in these beds are almost 
identical with those from the Grieston Beds of the South of Scotland, 
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with the exception of Retiolites Geinitzianus, which does not make 
its appearance in this district until the overlying Dolgau Beds 
are reached. The Talerddig Grits, therefore, correspond to the 
Grieston part of the Upper Gala Beds of the South of Scotland. 

Neither can the exact position occupied by the Dolgau Beds (or 
local ‘Tarannon Shales’ of the Survey) be determined by any 
reference to published lists, since their characteristic fauna has not 
been recognized hitherto in the South of Scotland. There is, however, 
noroom for doubt that they represent the highest part of the Upper 
Gala, for not only are they both overlain immediately by the zone 
of OCyrtograptus Murchisoni (the lowest zone of the Nant-ysgollon 
Group and Riccarton Shales), but also the fauna is in every respect 
an intermediate one between that of the Grieston and that of the 
Riccarton Beds. They probably represent the barren beds coming 
below the Riccarton Beds in the Hawick country. The exact 
parallelism of the Tarannon Series of this district with the Gala 
Beds of the South of Scotland (including the zone of Rastrites 
maximus) is thus conclusively proved. 

It is hardly necessary to insist on the identity of the fauna of 
the lower Nant-ysgollon Shales with that of the lowest Riccarton 
Beds; the presence in both of the characteristic fossil—Cyrto- 
graptus Murchisoni—places this beyond dispute. Further work 
will doubtless show that the upper part of the Nant-ysgollon Shales 
corresponds to the zone of Monograptus riccartonensis, thus com- 
pleting the parallelism between these shales and the lower part 
ef the Riccarton Group. 


It will be unnecessary to compare in detail the three Series of 
this district with the corresponding beds of Girvan and Bohemia : an 
examination of the lists in Tables I & II (facing p. 692) will suffice. 
Reference must be made, however, to the deposits described from 
the Rhayader district and Conway in Wales, the Lake District, 
and Scania, where the beds intervening between the Llandovery and 
Wenlock formations have been carefully zoned. 

The district of Rhayader has been worked in greater detail and 
more recently than any other Llandovery area in Britain: there- 
fore, a more accurate comparison of its graptolitic zones with those 
in the Tarannon district is rendered possible. 

The Fachdre and Dolgadfan Groups correspond to the Gwastaden 
Group of Dr. Herbert Lapworth in the Rhayader district, although 
his lowest zones are not exposed in the Tarannon country. The local 
zone of Dimorphograptus Swanstoni can be paralleled generally with 
his zone of Monograptus tenuis ; while that of MW. fimbriatus finds its 
equivalent in his zone of the same name. Intervening between 
these two zones, however, there comes in the Rhayader district the 
zone of M. cyphus. The fauna characteristic of this fossiliferous 
band has not been recognized in the Tarannon district, thus aecount- 
ing for the abrupt change in fauna observed between the Fachdre 
and the Dolgadfan Beds. The ‘ cyphus ’-beds are either faulted out 
in the Pennant area, or have hitherto escaped detection. 

Q.J.G.8. No. 248. 3B 
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The assemblage of species found in the lowest band of the ‘ con- 
volutus ’-zone agrees well with that from the Caleareous-Nodule 
Beds of the Gigrin Mudstones; while that from the higher band 
may best be compared with Dr. Herbert Lapworth’s succeeding 
zone of Monograptus convolutus. 

The Twymyn eds find their nearest paleontological equivalents 
in his Caban Group; but the lithological characters of the two. 
groups are so different that a close comparison is impossible. 

As to the Rhayader Pale Shales, Dr. Herbert Lapworth has 
shown conclusively that eighteen out of the nineteen species detected 
in these beds are identical with those from the Lower Gala Group 
and Justrites-maximus zone combined of the South of Scotland, 
We can therefore have no difficulty in paralleling his Rhayader 
Pale Shales with the lower part, at any rate, of the Tarannon Group. 
A reference to the lists in able II (facing p. 692) will show that the 
graptolites collected by him from the lower part of the Pale Shales, 
namely in the western area, are very similar to those occurring in 
the Brynmaiv Shales; while those obtained by him from the upper 
part, in the eastern area, agree almost precisely with those from the 
lower part of the Gelli Beds. 

When we compare the graptolitic species found in the so-called 
‘Tarannon Shales’ of Conway, as cited in the list in Table I (facing 
p-. 692), which has lately been revised by Miss Elles and myself in 
the light of further knowledge, we find that it is possible to draw 
a close parallel between them and the Brynmair Shales. At 
Conway Jonograptus crispus has not been recognized hitherto with 
certainty ; and although J/. ewiquus isa fairly-common species there, 
it is subordinate in importance to MV. twrriculatus, and therefore the 
highest part of the Gelli Shales is certainly not represented in the 
section studied by us. ‘The ‘Tarannon Shales’ at Conway (which 
include the band separated off as the zone of Rastrites maximus) cor- 
respond apparently to only the lower fourth of our Tarannon Series. 


An examination of the fossil lists of the Skelgill, Browgill, and 
Brathay Flags of the Lake District reveals a remarkable agreement 
between their zones and those of the Tarannon district. It is 
interesting to note in the Browgill Beds the occurrence of the same 
two local zones of Monograptus turriculatus and M. crispus, especially 
as hitherto the separation of these two zones in the Lake District has 
not been corroborated elsewhere. 


The only graptolitic beds on the Continent with which we need 
parallel the Tarannon strata are the Rastrites-Skiffer and the Cyrto- 
yraptus-Slaffer of Scania. The Rastrites-Skiffer have been divided 
by Prof. Tornquist into six zones; and the assemblage of species of 
each of these agrees closely with that of the five zones of our 
Llandovery Series, and with the lowest of our Tarannon Series (zone 
of Monograptus turriculatus), although the graptolite-species selected 
for the local zone-fossil is not the same in every case. 

Prof. Tornquist’s zone of Monograptus runcinatus appears to 
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include not only the Brynmair Shales, but also the Gelli Shales, 
for JZ. runcinatus and M. turriculatus occur in association with 
M. exiguus and M. discus; indeed, MW. discus is said! to be the most 
characteristic species of the zone. It is probable, therefore, that the 
highest beds of the Birkhill (namely, the zone of Rastrites maaimus) 
are absent in Scania. 

Intervening between the zones of M. runcinatus and O. Murchisoni 
there are in Scania, according to Tullberg, four zones, three of which 
are characterized by species of Cyrtograptus. The number of species 
hitherto detected in these upper zones in Scania is so small, that it 
is not easy to institute a very close comparison; but they can be 
paralleled, in a general way, with our Tarannon zones. His zones 
of Cyrtograptus Graye and C. (Monograptus) spiralis probably 
correspond to the Dolgau Mudstones, for Monograptus crenulatus is 
an abundant species in both. The latter zone may be paralleled 
fairly accurately with the fossiliferous band at the top of the Dolgau 
Group found in the northern part of the district. If Cyrtograptus 
Lapworth is merely a young form of O. Murchisoni, then, in our 
opinion, both the zones named after these species should be included 
in the lower part of the Nant-ysgollon Shales. Therefore, in Scania, 
the division between the /astrites-Skiffer and the Oyrtograptus- 
Skiffer occurs about the middle of our Tarannon Series. 


It will be observed that, in the Tarannon district, the highest zone 
of the Llandovery Series is that of Monograptus Sedgwickti. In his 
paper on the Moffat Series (1878), Prof. Lapworth distinguished a 
still higher zone in his Birkhill Group, namely, that of Rasirites 
maximus. In his later paper, however, ‘ On the Geological Distri- 
bution of the Rhabdophora’ (1880), while he groups the Birkhill 
Shales as a whole with the Llandovery, he points out (p. 200) that 
‘the zone of Rastrites maximus must be regarded as the zone of transition 
into the succeeding formation. Its fauna is essentially a compound of those 
characteristic ef the more strikingly-separated beds aboveand below. It ought, 
in all probability, to be regarded as forming the base-line of the Tarannon 
Group’; 
and in the Table at the end of that paper (p. 204), he groups the 
zone of Rastrites maximus as the lowest zone of the Tarannon 
formation. 

It has, nevertheless, been the frequent habit of stratigraphists to 
include the whole of the R.-maximus zone with the Llandovery. 
But, so far as the evidence—stratigraphical and paleontological— 
goes in the Tarannon district, the beds with 2. maximus certainly 
form the base of the Tarannon Series, and the division-line 
between our Llandovery and Tarannon must be drawn at the top 
of the zone of Monograptus Sedgwickii. This also appears to be 
the most convenient stratigraphical line at Rhayader and at Conway, 
and it will probably be found to be generally the case elsewhere. 


1 §, L. Térnquist, ‘On the Diplograptide & Heteroprionide of the Scanian 
Rastrites-Beds’ Kongl. Fysiogr. Sallskapets 1 Lund Handl, vol. viii (1897) 
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(6) Lithological. 


We have seen that, even within the limits of the Tarannon 
district, the sediments tend to become more argillaceous, and con- 
sequently thinner, as they are followed from the south-east to the 
north-west; and if we leave the Tarannon area and go some 
12 miles farther north, to the neighbourhood of Llan-y-Mawddwy, 
this change becomes still more marked. In the summer of 1905 
Miss Elles and I made a traverse of the strata in this district 
from rocks with Bala fossils, as exposed in the upper waters of 
the Afon Dyfi, below Yr Eryr, up to Wenlock Beds at the summit 
of Carreg-y-big. In the intervening ground, along the course 
of the Cwm Cerddyn, the Gelli, Talerddig, and Dolgau Groups of 
the Tarannon Series were found to be present with their charac- 
teristic graptolites. The grit-beds of the Talerddig Group, however, 
are here practically confined to one horizon near the top; and the 
group, as a whole, is more shaly and thinner than in the Tarannon 
district. The purple bands in the Dolgau Group above (local 
*Tarannon Shales’ of the Survey) have here completely disappeared, 
but the graptolitic black shale-bands at the base are well-marked. 

Proceeding now to the extreme northern limit of the Welsh 
‘Tarannon’ belt as mapped at Conway, we find that the collective 
amount of sediment present has diminished to a still greater extent. 
It is true that at Conway the upper division of our Tarannon Series 
has not been recognized, if indeed it is not overlapped by the Wen- 
lock Shale; but it may be expected that the whole of the Tarannon 
is here dwindling to the restricted development which it has in the 
Lake District beyond (Browgill Beds), where its collective thickness 
is only some 200 feet. 

Still farther north, however, in the South of Scotland, we find a 
close parallel to the Tarannon Series as developed in the Tarannon 
district; for in Girvan the beds referred to the Tarannon-Gala Series 
are nearly 2000 feet thick, while they are perhaps twife as thick in 
the central, or Gala and Queensberry parts of the Scottish Uplands. 

Thus, the results arrived at in the T’arannon district enable us 
not only to bring the Welsh development of the T'arannon into 
line with that of other districts, but also more or less to reconcile 
the various views which are found in geological literature with 
respect to the Tarannon as a whole. ‘The Tarannon Series, 
as here defined, includes all the paleontological zones 
which have been hitherto assigned to it, and it fills 
up the whole of the period of time intervening be- 
tween the Llandovery below and the Wenlock above. 
It includes the oldest and youngest beds which have been mapped 
as Tarannon by the Survey in Wales ; and, in the Tarannon district, 
at all events, the thickness of the Series is practically equivalent 
to its maximum development elsewhere. 


_In conclusion, I wish to express my thanks to the Council of 
Birmingham University for a research-scholarship in aid of m 


work; to Miss Elles, Miss C. Chamberlain, Miss H. Clark, Mr. A. R. 
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Andrew, and Mr, G. A, Shakespear for help in collecting in the 
field ; and to Dr. Herbert Lapworth for assistance in the identi- 
fication of some of the more difficult graptolite-forms. Especially 
do I wish to express my gratitude to Prof. Charles Lapworth, who 
has assisted me with advice and helpful criticism. 


EXPLANATION OF PLATES XLVII & XLYVIII. 
Puatze XLVII. 


Geological sketch-map of the Tarannon country, on the scale of 4566 feet to 
the inch. 


Pratt XLVIII. 


Fig. 1. Horizontal ‘section along the Afon Iaen, on the scale of 3 inches to 
the mile. 
2. Generalized section from Dolgadfan to Talerddig, across Newydd 
Fynyddog, on the scale of 3 inches to the mile. 


Discussion. 


The Presrpenr congratulated the Authoress on the lucid and 
interesting way in which she had presented her subject to the 
Society. As an old member of the Geological Survey, he would 
like to express the satisfaction with which he observed that the 
subdivision of the Tarannon Shales, first distinguished and mapped 
on merely-lithological grounds by his friends and colleagues, Jukes 
and Aveline, had been sustained on paleontological evidence by 
subsequent observers, and that the original tract of Tarannon, at 
last so thoroughly worked out, zone by zone, by the Authoress, had 
been shown by her to contain so full and typical a development of 
this important group in the Upper Silurian Series of formations. 

Dr. Marr said he felt that he mght have been mistaken in 
referring the Cerrig-y-Druidion beds, of which the Authoress had 
spoken, to the Birkhills; they might well be of Tarannon age. 
He thought that the Rustrites-maaimus beds of the Sedbergh district 
were more closely linked to the Skelgill than to the Browgill Beds, 
In conclusion, he expressed his high appreciation of the paper. 

Mr. Horxinson said that he had listened to the paper with very 
great interest, and he was pleased to find the graptolites playing 
the leading part in so important a communication on the Silurian 
rocks of Wales. They were proving, as it was anticipated that 
they would, long before the species had been so well worked out by 
Miss Elles and the Authoress, invaluable in correlating the rocks 
ot distant areas; and he thought that if the Authoress were to 
extend her researches into Bohemia, she would find the same 
succession of species in the rocks from which Barrande obtained the 
graptolites described by him many years ago. 

Prof. Warts, with the President’s permission, read the following 
contribution to the Discussion sent by Dr. Hrreerr Larworrn :— 


‘I very much regret that I am not able to be present, but I have been 
through the manuscript and noted the main points, and was particularly 
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struck by the remarkable agreement of the results in the Tarannon district 
with those in the country lying to the south on the southern fringe of the 
Mid-Wales complex. As.) 

“One of the most interesting points, to my mind, is the restriction of the 
typical brilliant purple mudstones to the upper portion of the Tarannon 
Shales. In the Rhayader district ‘these bright-coloured rocks are absent. ‘To 
the east, however, about 12 miles distant from the town of Rhayader, these 
beds have been mapped by the Geological Survey and traced across country 
towards the north, where they eventually join the same rocks in the Tarannon 
district. I visited this eastern district myself about seven years ago, and noted 
the typical zone-fossil Monograptus crenulatus in the purple beds, shown on 
the Geological-Survey maps. I was never able to understand how this bright- 
coloured group couid cross (apparently unconformably) the typical Pale Shales 
of the Rhayader district. It now seems perfectly clear, however, that this 
upper group is entirely absent from the neighbourhood of Rhayader. 

‘ Another point in striking agreement with the same results is the following: — 
The highest. point in the Rhayader district—the summit of the mountain Moel 
Hywel—does not lie in the older and more arenaceous rocks of the Upper or 
Lower Llandovery Series, but in the very heart of the softer Rhayader Pale 
Shales. Nothing is exposed on the summit of the hill; but a pile of grit-blocks 
inthe cairn, and grit-débris lying around, shows that the mountain must be capped 
by arenaceous rocks. ‘This doubtless corresponds to the base of the Talerddig- 
Grit group of Tarannon: for, immediately below the summit of this hill, the 
typical graptolites of the Monograptus-crispus zone can be found in the local 

uarries. 
of South of the Rhayader district, in the neighbourhood of New Bridge, only 
the bright-coloured mudstones are exposed, and have been mapped as Tarannon 
by the officers of the Geological Survey. The absence of a similar set of beds in 
the Rhayader district was always puzzling to my mind; but the researches of 
the Authoress show conclusively that the ‘Tarannon’ of Rhayader and the 
‘Tarannon’ of New Bridge are not of exactly the same age. 

‘ Another point is the absence of an arenaceous base to the Upper Llandovery 
Series in the Tarannon district, and it would appear aJmost as if there were 
a complete passage upwards from the Dimorphograptus-Swanstoni to the 
Monograptus-Sedgwickii Beds. ‘This, however, differs from the succession at 
Rhayader, where there is a distinct unconformity between the Upper and the 
Lower Llandovery Groups, with a base to the Upper Llandovery of several 
hundreds of feet of massive grits and conglomerates. I understand from the 
paper that the Authoress has not discovered an unconformity ; but, as the lower 
rocks are exposed only in patches, it is quite possible that an unconformity may 
yet be found. 

“As to the inclusion of Rastrites maxinuus with the Tarannon Shales, there is 
no reason, from the evidence in the Rhayader district at any rate, why this 
should not be adopted, although I selected Monograptus eaiquus myself as 
a suitable fossil for the first Tarannon zone. The Pale Shales of Rhayader 
commence at the Rastrites-maximus Beds, and run on without a break up to 
the summit of the Monograptus-crispus Group: so that, if one adopted the 
Authoress’s suggestion, the Upper Llandovery would be represented by the 
grits and conglomerates of Caban Coch, and the Rhayader Pale Shales would 
lie wholly in the Tarannon Series. 

‘Lastly, the enormous thickness of the Tarannon Series in the Tarannon 
district will bear out the conclusions already formed with regard to the same 
rocks at Rhayader, where only the lower half is exposed; and it has been 
pointed out that the thickness of even this lower half must be very great, for it 
covers a large area, extending some 12 miles to the north, and about the same 
distance to the east—altogether not less, probably, than 150 or 200 square miles. 

‘In conclusion, it gives me great pleasure to be one of the first to con- 
gratulate the Authoress on a most interesting and valuable piece of work.’ 


Mr. W. G. Frarnstves further congratulated the Authoress upon 
the completion of the fine piece of zonal work described in the 
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paper. He had had the advantage of being taken over many of 
the sections by her, and in the field had seen the succession fully 
demonstrated. He was much impressed by the detailed similarity 
between the lithological succession of Tarannon with that described 
by Prof. Lapworth in the central Southern Uplands of Scotland, 
and suggested that this similarity might be due to the symmetrical 
position of the two areas on opposite sides of the great Silurian ocean- 
trough, which, trending north-east and south-west, seems to have beeu 
central about some line passing to the south of the Lake District. He 
noted that, during the Silurian Period, that trough was gradually, but 
completely, filled with sediment, which was brought in simultaneously 
from both sides; and that, as time advanced, the flanking belts of 
greatest sedimentation continuously approached the central deep- 
water trench. He commented upon the extreme thinness of 
the Llandovery and Tarannon sediments in Anglesey, Conway, and 
Criccieth, and thinking that these areas cannot have been far from 
the centre of the then ocean-trough, enquired whether the supposed 
break, mapped at the base of the Silurian in North Wales generally, 
was not due rather to the thinning of the beds than to actual 
unconformity. 

Miss Erxes said that she was particularly interested in the upper 
and lower limits of the Tarannon Series as defined by the 
Authoress. When working on the Wenlock Shales she had 
noticed Purple Shales in several places below the lowest Wenlock- 
Shale zone of Cyrtograptus Murchisoni, and she now considered 
that these should be referred to the Dolgau Group, although 
possibly the highest members were overlapped in many instances, 
With regard to the lower limit, she was glad to see that the 
Authoress detinitely included the zone of Rastrites maximus in the 
Tarannon Series, for she had noticed in the South of Scotland that 
the lithological and faunal change was far more conspicuous below 
the 2.-macimus zone than above it, and she had always regarded the 
inclusion of these beds in the Birkhill Shales as unsatisfactory. 

The Avurgoress thanked the Fellows for the kind reception that 
they had given to her paper; and, replying to Dr. Marr, said 
that she had adopted the original suggestion of Prof. Lapworth, that 
the line between the Llandovery and the Tarannon should be drawn 
at the top of the zone of Monograptus Sedqwickii, partly on paleeonto- 
logical grounds, and partly on account of the constancy and ready 
detection of that zone in the field. She thought that this classi- 
fication would prove to have a more than local application, and both 
at Rhayader and at Conway, at any rate, it seemed advisable on + 
stratigraphical grounds. 
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I. OccurrENcE AND Conpitions oF Growrn or Living HALIMEDA. 


Tux importance of Halimeda as a reef-forming agent has, until of 
late years, been greatly overlooked. Many of the earlier records of 
the occurrence of calcareous seaweeds on coral-reefs were alluded 
to in a comprehensive manner, as Nullipores and Lithothamnion ; 
and, although Halimeda was not mentioned, the above terms, con- 
venient but often vague, undoubtedly included growths of that 
genus, 

Prof. A. Agassiz has already recorded the fact that ‘immense 
masses of Nullipores (Udotea and Halimeda) . .. grow on the 
shallowest flats’ of the Florida reefs.’ 

With regard to the habitat of Halimeda in the Laccadives, the 
following interesting note on H, opuntia, Lamx, forma typica, by 
Mr. J. Stanley Gardiner, has been published in a paper by Miss E. 8, 
Barton (Mrs. Gepp) ? :— 

* Rare everywhere on the Minikoi reef; but small masses may be found by 
searching under stones or in protected situations of the inner part of the reef, 
near the beach or boulder-zone. In lagoon, not found in currents, but very 
luxuriant in moderately-still water where it can find any stones to fix itself 

“upon. 

From the dredging operations of Messrs. David, Halligan, & 
Finekh around the atoll of Funafuti we learn that Halimedais tound 
in the outer slope of the atoll, from a foot or so below sea-level down 
to about 45 fathoms. 


* «Three Cruises of the U.S. Coast & Geodetic-Survey Steamer Blake’ 
vol. i (1888). p. 82 (Bull. Mus. Comp. Zool. vol. xiv). 

* Journ. Linn. Soc. Lond. (Botany) vol. xxxv (1903) p. 476. 

* <The Atoll of Funafuti’ London, 1904, p. 158. 
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In the dredgings across the lagoon at Funafuti the variety macropus 
occurred in all the samples, excepting No. 1 (half a mile from the 
Mission Church), 10 fathoms, where the genus was represented by 
the type-form.' 

An interesting note on the rate of growth of Halimeda is contri- 
buted by Mr. Finckh.* A board used as a support for corals in 
ascertaining their rate of growth had holes bored through it to 
increase its buoyancy, and through one of these holes a small branch 
ot Halimeda was found protruding. After six weeks the Halimeda 
had formed a cluster 55 millimetres high and 80 millimetres in 
diameter.” When dried, this growth represented 14:38 grammes of 
calcareous matter. 

In the New Hebrides, Halimeda-joints are a conspicuous feature of 
the recent calm-water beach-deposits, in positions removed from 
volcanic interference, and especially where volcanic products are 
absent. The beach-sands in Vila Harbour are notable examples, 
Halimeda contributing often half of the bulk. The sands from 
exposed ocean-beaches, where observed, appear to be nearly free 
from remains of algz. 


II. Previovusry-REcORDED OccURRENCES OF ACCUMULATED 
HALIMEDA-REMAINS OLHER THAN Rucenv. 


Solomon Islands, 


A true Halimeda-limestone appears to have been recorded for the 
first time by Dr. H. B. Guppy. In his description of the calcareous 
rocks of the Solomon Islands, that author remarks * that 
‘in the composition of such rocks, corals take only a secondary part. In some 


instances, the rock is composed for the most. part of calcareous alge ; in others, 
again, molluscan shells are conspicuous.’ 


In a footnote to the foregoing paragraph, Dr. Guppy makes the 
following interesting observation :— 


‘A specimen I obtained at Santa Anna was entirely composed of the joints 
of “ Halimeda opuntia”” which commonly occur in the soundings off coral-reefs,’ 


The Halimeda-limestone, referred to above, evidently occurred in 
the upraised reef of the elevated island of Santa Anna, described by 
Dr. Guppy in the before-mentioned work at p. 70. 


Christmas Island (Indian Ocean). 


In the description of the older Tertiary limestones and upraised 
reefs of Christmas Island, by Prof. T. Rupert Jones and one of the 
present writers,’ reference is made to the occurrence of rocks con- 


1 Journ. Linn. Soe. Lond. (Botany) vol. xxxiv (1900) p. 481. 

2 «The Atoll of Funafuti’ 1904, p. 146. ° Ibid. p. 180. 

4 «The Solomon Islands: their Geology, General Features, & Suitability for 
Colonization’ London, 1887, p. 74. 

2 AEIN pe of Christmas Island’ London, 1900. See especially 
pp. 250, 257-64, and also p. 289. 
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taining, in more or less abundance, the joints of Halimeda. No. 963 
(blocks from High Cliff, Flying-Fish Cove) contained Halimeda 
associated with Lithothamnion, and Lepidocyclina, together with 
other foraminifera ; the Lepidocyclina, however, was in a frag- 
mentary condition, and appeared to be derived. This rock was 
apparently transitional between the Miocene and the more recent 
limestone. 

Other samples from Christmas Island containing Halimeda are 
No. 985 (Jlalimeda, Lithothamnion, and foraminifera) ; 215 (large 
Halimeda, Lithothamnion, foraminifera and polyzoa); 862( Halimeda, 
Lithothamnion, foraminifera, corals, nullipores, echinoids) ; 403A 
(Halimeda, Lithothamnion, foraminifera, echinoids) ; 200 (corals, 
Halimeda, Lithothamnion, gastropoda, foraminifera) ; 202 (coral- 
rock with occasional joints of Halimeda and foraminifera); 208 
(coral-rock with Halimeda and foraminifera) ; 209 (Lithothammon, 
Halimeda, foraminifera, corals, echinoids, polyzoa) ; and 1032 
(Lithothamnion, Halimeda, foraminifera, corals, echinoids, polyzoa, 
lamellibranchs). 

The limestone-specimen No. 935 is, from our present standpoint, 
one of the most interesting of the Christmas-Island rocks yet 
examined. It occurs on the central plateau at 800 feet above 
sea-level, in pinnacles projecting from the soil. The rock is a 
crystalline limestone crowded with Halimeda and Lithothammon, 
and in its general manner of occurrence may be compared with our 
Halimeda-Limestones from the New Hebrides. Of this rock 
(No. 935) Dr. C. W. Andrews writes as follows * :— 


“It seems to be a shallow-water rock, such as might well accumulate in a 
lagoon.’ 


Funafuti (Ellice Group). 


The enormous quantity of Halimeda accumulating in the neigh- 
bourhood of many of the so-called ‘coral-islands,’ whether in the 
lagoon or in the quieter waters of the outer reef-slope, is forcibly 
brought home to us by the description of the deposits met with at 
Funafuti. The results of the two borings in the Funafuti lagoon 
showed the Halimeda-‘ sand’ to be at least 80 feet thick in each 
place’; and shallower parts of the lagoon-floor were found by 
Messrs. David, Halligan, & Finckh to be covered by a luxuriant 
growth of the same calcareous seaweed.” 

Evidence such as this shows that the important deposits of 
calcareous plant-remains accumulating at the present day, can 
scarcely be paralleled by any deposit laid down in former geological 
periods excepting, possibly, the limestones of the Alpine Trias which 
owe their origin to the thallophytes Diplopora and Gyroporella. 


» “A Monograph of Christmas Island ’ London, 1900, 19, Mors) 


2 “The Atoll of Funafuti’ p. 162. (The depth of the water is deducted from 
the figures given in the report quoted.) ° Ibid. p. 151. 


Vol. 62.] ‘ALIMEDA AS A REEF-FORMING ORGANISM. 7095 


In all the samples of material from the lagoon-boring at Funafuti, 
as Miss Barton states," 

‘The Halimeda-joints consisted entirely of H. opuntia var. macropus. The 
borings down to 1323 feet? were still sufficiently well preserved to show the 
peripheral cells on decalcification, and at 151 feet the large central tubes were 
still to be recognized ; but below that depth, though the form of the joints was 
retained, there was no cell-substance after treatment with acid,’ 


In the solid cores of the main boring and the two earlier borings 
made by Prof. Sollas (1st Expedition) at Funafuti, Halimeda is 
well represented, but only in one place is it so abundant as.to form 
the greater proportion of the rocks, as in our specimens from the 
New Hebrides. 

Dr. G. J. Hinde makes the following remarks on the genus 
Haltimeda occurring in the borings at Funafuti’ :-— 

‘ Detached joints of this genus are present in all the borings; in some portions, 
as, for example, in the Lagoon-boring, for 60 feet below the lagoon-floor they 
form the greater part of the rock, and between 652-660 feet in the main boring 
they are the main constituents of the cores. As a rule, their structure is well 
preserved, so that they are readily recognized in microscopic sections. The 
specimens in the Lagoon-boring have been determined by Miss Barton (Mrs. 
Gepp) to belong to A. opuntia, Lam. var. macropus, Askenasy. According to 
Mr. Finckh, Halimeda is remarkably abundant, both on the present floor of the 
lagoon and on the ocean-slopes of the reef at Funafuti.’ 


Fiji and Tonga. 


As affording an interesting comparison with rocks formed under 
much the same conditions as those of the New Hebrides, we here 
place in a connected form the notes, given in a recent paper by 
Mr. R. L. Sherlock, of the occurrence of fossil Halemeda in the raised 
reefs of Fiji and Tonga.* 


Fiji Group. 


Mango.—280 feet: Mr. Sherlock records /falimeda in a lime- 
stone associated with Lithothumnion. The other organisms were 
almost obliterated excepting a doubtful foraminifer, Gypsina (?). 

At 298 feet Halimeda was abundant, associated with Litho- 
thamnion. At 300 feet Halimeda was again found, associated with 
LIuthothamnion and corals. 


Niue (Savage Island).—Between the Tonga and Fiji Groups. 
Mr. Sherlock found Halimeda in all three terraces. 

At 53 feet it was abundant, associated with alcyonarian and 
tunicate-spicules, and Lithothamnion. At 70 feet it again occurred, 


1 Journ. Linn. Soc. London (Botany) vol. xxxiv (1900) p. 481. 

2 Measured from the level of low-water spring-tide, deducting 101 feet for 
the depth of the water to the floor of the lagoon. 

3 «Vhe Atoll of Funafuti’ 1904. p. 331. 

4 «The Foraminifera & other Organisms in the Raised Reefs of Fiji’ Bull. 
Mus. Comp. Zool. vol. xxxviii (1903) Geol. Ser. vol. vy. No. 8, pp. 349-65. 
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the rock being rich in organisms, including besides Halimeda, Litho- 
thamnion, gastropoda, echinoid-fragments, and tunicate-spicules. 

At 120 feet Halineda was abundant, associated with echinoderms, 
polyzoa, tunicate-spicules, and Lithothamnion. At 190 feet (near 
the top of the second terrace), Halimeda was again abundant, 
also Lithothamnion, gastropoda, polyzoa, echinoid-spines, and many 
foraminifera. 

At 200 feet the limestone contained Halimeda, as well as corals, 
echinoderms, Lithothamnion, and an abundance of tunicate- 
spicules. 


Tonga Islands (Friendly Islands). 


In the island of Eua, Sherlock found Halimeda associated with 
Lithothamnion, gastropoda, and foraminifera, in the third terrace at 
a height of 250 feet. In his remarks on Halimeda in these elevated 
reefs, Mr. Sherlock (Bull. Mus. Comp. Zool. vol. xxxvii, 1903, 
p. 362) says that it 
‘is much less widely distributed (than Lithothamnion). It occurs in nine 
sections, coming from Mango, Niue, and Eua. It is much less stable than 
Lithothamnion, and this may account, to some extent, for its more limited 
distribution.’ 

It may be remarked, & propos of this feature of instability, that 
the disintegration of Halimeda under certain conditions may give 
rise to the fine, impalpable, and microscopically-granular mud so often 
observed accompanying lagoon-deposits. Evidence for this was 
afforded by the elevated plateau-limestones of Christmas Island, 
already mentioned. ‘The same type of mud was also observed by 
one of us at various levels in the Funafuti main boring. 


Ill. Desorirrion or tan HALLMEDA-LIMESTONES 
or top New Hesrives. 


Amongst the raised reef-limestones of the New Hebrides, 
scattered joints of Halimeda obtain a wide distribution ; on several 
occasions, the remains (well preserved) were found in association 
with foraminiferal tests and gastropod-shells, among the basement- 
grits} underlying the actual reef-limestones. Such material might, 
it is thought, have been transported considerable distances. 

Caleareous rocks, formed almost entirely of the remains of 
Halimeda-joints, are represented in three of the islands of the New 
Hebrides, namely, Malekula, Espiritu Santo, and Efate.? 

The several examples from these three localities differ considerably 
from one another in the condition of preservation of the chief 
organic constitutent Halimeda, in the associated smaller organisms, 


1 Composed largely of yoleanie glass and mineral particles; described by 
Mr. C. Hedley as containing mollusca similar to those dredged by him in 
15 fathoms ot water off the Palm Islands. 

” See D. Mawson, ‘Geology of the New Hebrides, Proc. Linn. Soe. N.S. W. 
yol, xxx (1905) pp. 400-84. 
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and in the nature of the cement. It seems of sufficient interest, 
therefore, to describe the specimens separately, in both their macro- 
and microscopic aspects. 


Specimen 109. 


Boulder projecting from the ground, near track, 100 feet above 
Bartaleppe, Malekula. 

Description of the Rock.—This rock presents a striking 
appearance, being a cream-coloured limestone, relieved with snow- 
white patches due to fractured joints of Halimeda. This tendency 
to fracture in Halimeda is caused by the imperfect mineralization of 
the median series of tubes, which allows the joints to separate 
along the median plane. In structure the rock is slightly cavernous, 
and in hand-specimens is seen to consist almost wholly of Halimeda- 
remains (Pl. XLIX, fig. 2). 

Microscopical details.—A microscopic examination shows this 
rock to consist of numerous Halimeda-joints, the interspaces being 
filled with a comparatively-coarse pavement of crystalline calcite. 
Occasionally the Halimeda-joints are surrounded by the encrusting 
foraminifer, Polytrema planum. The Halimeda is not thoroughly 
mineralized, although in some instances the tubular structure is 
encrusted and infilled with deposited calcareous matter. On the 
whole, the rock is very friable or pulverulent, so that sections have 
to be prepared with extreme care. The species commonly present 
is undoubtedly the typical form of H. opuntia, Lamx., and the 
peripheral cells vary in diameter from 40 pw to 54 p. 

The other organisms taking part in the formation of this hme- 
stone are,—a branching Lithothammnion, the foraminifera Alveolina 
and Polytrema planwm, and echinoids, represented by spines and 
plates (Pl. XLIX, fig. 1). 

The following bulk-analysis of this rock shows it to be a 
remarkably-pure limestone :— 
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Thifsally SEISHO), Sosucsncanosouanse 0:05 Aba) oetsiO)s - eopnandaasonecn: 0:00 
Al,O,+Fe,O, (trace MnO)... 0:27 JNIMO KOEN NEK 0). -sauessaceeuedbouds 02 
(CORLO ‘Geannsbsanacnnanasosoncaoundec 5414 Calcium-carbonate ............ 95°89 
IWREXO)) set coonnabpoopeaduodspoconaoge 1:00 | Magnesium-carbonate ......... 2:07 
SOLO ce aaccccnee oo cee ooectiarsereotr 43°24 Tribasic calcium-phosphate.. 0-61 
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Specimen 111. 


#| From boulders out of the bed of the Atsone River, 8. Santo. 
a Description of the Rock.—A somewhat dark and impure 
limestone, bluish when freshly fractured, weathering to brown. 
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The broken surface reveals numerously-scattered joints of Hali- 
meda,' having a dull earthy appearance, white to buff-coloured. 
The species of Halimeda commonly present in this rock is the 
typical H. opuntia. A few of the joints, however, compare closely 
with H. cuneata, Kuetzing. The calcareous fragments are seen to 
include also Lithothamnion, gastropoda. and a fair number of the 
discoidal tests of Orbitolites (Pl. L, fig. 2). 

Microscopical details.—Under the microscope the larger 
calcareous fragments in this rock are seen to consist mainly of 
Halimeda, with a small proportion of Lithothamnion ; there are also 
numerous foraminifera, such as Miliolina, Orbitolites, Globigerina, 
Polytrema planum, and Amphistegina ; also occasional fragments of 
polyzoa, gastropoda, worm-tubes, echinoid-fragments, and tunicate- 
spicules. These organic constitutents are compactly cemented by 
a fine to coarsely-crystalline calcite-paste, in which are scattered 
fragments of crystals and brown-glass particles derived from igneous 
rocks. 

Although some examples of this rock show a_ considerable 
admixture of foreign débris, other specimens contain a large pro- 
portion of Halimeda, and furnish good microscope-slides, in which 
the structure of this seaweed is seen to be excellently preserved 
(Plz, fig): 

Specimen 264. 

Shepherd’s Hill, Vila, Efate. 

This Halimeda-Limestone forms a band 15 inches thick, inter- 
bedded in the reef-material at Shepherd’s Hill. It crops out at an 
elevation of 365 feet on the northern slope. Some of the coral- 
limestone above this band looks fairly old, so that this Halimeda- 
Limestone is probably older than the more recent raised reefs. 

Description of the Rock.—This rock consists almost entirely 
of Halimeda-joints. It is somewhat cavernous, and the surfaces of 
the joints are coated thinly with a brown earthy encrustation, 
probably introduced by percolating surface-waters. Thus, only the 
freshly-fractured rock appears white. A rude parallelism of the 
flat Halimeda-fragments is noticeable, especially when the rock is 
machine-sliced (Pl. LI, fig. 2). Several continuous fish-vertebree 
are embedded in one of the specimens. 

Of the three examples now described, the above is the richest 
in Halimeda. 

Microscopical details.—The chief component of this rock is 
Halimeda, which appears amber-brown in section, and still clearly 
shows the internal canals. The rich brown colour of the Halimeda- 
Joints is suggestive of partial phosphatization, but the analysis 
discloses the presence of only an inappreciable amount of phosphoric 
acid. The Halimeda-joints are unusually thick as compared with 
H. opuntia, and they bear a strong resemblance to H. versatilis, 


u The Halimeda-remains in this as well as in the following specimens were 
first referred to ZH. opwntia by Mr. 'T. Whitelegge, in the Appendix to the 


Y poles of the New Hebrides’ Proc. Linn. Soc. N. S. W. vol. xxx (1905) 
p. 4/9, ‘ 
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Agardh (=H. macroloba, Harvey non Decne.). The measurements 
of the peripheral cells also compare more closely with the latter 
species, as they average 36 yu in diameter. 

There are a fair number of gastropoda and some occasional fora- 
miniferal shells. Noteworthy among the latter is a large form 
of Carpentaria, calling to mind ©. rhaphidodendron, although more 
depressed in its habit of growth. One of the joints of Halimeda is 
completely surrounded by an encrusting Gtypsina, like G. inherens 
(Schultze), but more regular, and with smaller chambers, 

The nature of the calcareous cement in this rock is very interesting. 
Both calcite and aragonite are represented, and are found respectively 
in optical continuity upon the prismatic or other crystalline structure 
of the original organisms. Thus the Halimeda exhibits a growth or 
fringe (in sectional view) of acicular aragonite-crystals, as do also the 
shells of gastropods, while the Carpentaria and lamellibranch-shells. 
are coated with calcite. A secondary infilling of the interspaces 
between the organic particles, where it has taken place, is in the 
form of a calcitic mosaic. The microscopical appearance of the 
cementing-material which binds the constituents of the above 
limestone is comparable in many respects with that seen in fig. 28 of 
Dr. Cullis’s ‘ Report on the Mineralogical Changes observed in the 
Cores of the Funafuti Borings.’* (Pl. LI, fig. 1.) 

The following analysis was made on selected material, not on 
bulk, as it was desired to arrive at the composition of the 
Halimeda-constituent, uncontaminated by infiltered extraneous 
matter. The joints were, therefore, separately detached, and 
carefully scraped free of surface-stain before powdering. 
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LV. Conctuptne OBSERVATIONS. 


That which apparently detracts from the importance of Halimeda 
as a reef-forming agent is its greater readiness to decay, as compared 
with Lithothamnion, corals, or foraminifera. That this decay is 
more apparent than real, may be recognized through the observations 
made by the members of the Funafuti Exploring Expedition. The 
borings into the lagoon proved that the Halimeda retained its 


1 «The Atoll of Funafuti ’ 1904, p. 597. 
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structure on decalcification for a depth of 354 feet below the floor 
of the lagoon, and the central tubes were still visible at 50 feet 
down. If we presume that the conditions for rapid mineralization 
are favourable, the structure is thereby permanently preserved, 
and we have examples such as those just described from the 
New Hebrides. In the lagoon at Funafuti, Halimeda was found 
growing so densely as to be comparable with a turf of green seaweed, 
while the underlying mass was aptly compared by Prof. Judd witha 
peat-bog. In the case of both Halimeda-accumulation ang peat-bog, 
although disintegration takes place to a certain extent, it may stall 
form a deposit more or less recognizable as due to the agency of 
the original plants. 

Much of the fine powdery limestone associated with coral-reefs, 
and more especially with upraised coral-islands such as Christmas 
Island (Indian Ocean), may be primarily due to lagoon or other 
deposits formed by the agency of Halimeda, which under adverse 
conditions have broken up into a finely-granular or amorphous 
material, very suitably conditioned for ready alteration by in- 
filtering solutions. 

In speaking of the alga-formed limestones of the Trias, 
Prof. A. C. Seward” refers to the obliteration of structure in many 
limestone-rocks that may have owed their origin to the agency 
of caleareous seaweeds. 

From their stratigraphical association, we conclude that the 
oldest of the Halimeda-Limestones of the New Hebrides, described 
above, is that from Malekula (109, p. 707), which probably dates 
back as far as early Pliocene. 


EXPLANATION OF PLATES XLIX-LI. 


Puars XLIX. 


Fig. 1. Thin section of Halimeda-Limestone, 100 feet above Bartaleppe, 
Malekula. x 14. (See p. 707.) 

. Halimeda-Limestone, Malekula. Surface of fractured specimen. 
Natural size. (See p. 707.) 


i) 


Puarn LL. 


Fig. 1. Thin section of Halimeda-Limestone, from boulders out of the bed of 
the Atsone River, S. Santo. x 14. (See p. 708.) 
2. Halimeda-Limestone, Atsone River, S. Santo. Fractured surface of 
rock. Natural size. (See p. 708.) 


Pruare LI. 


Fig. 1. Thin section of Halimeda-Limestone, Shepherd’s Hill, Vila, Efate, New 
Hebrides. x 14. (See p. 709.) 

. Halimeda-Limestone, Shepherd’s Hill, Efate. Fractured surface of the 
limestone, showing its rough, somewhat incoherent texture. Natural 
size. (See p. 708.) 


i) 


1 «Wossil Plants’ vol, i (1898) p. 175. 
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Discusston, 


The Cuarrman (Mr. R. S. Hurriss) called attention to the great 
interest of the communication, as throwing new light upon the 
question of the formation of limestones. 

Prof. Warrs drew attention to the Nullipore-reefs described 
originally by Sir John Murray. The speaker referred to the 
‘Richthofen’ reefs in the dolomites, and pointed out that the coral- 
origin of these had been discredited, partly because they contained 
few corals. The present paper showed that corals might be a very 
minor contribution to actual ‘ coral-reefs.’ 

Prof, Jounston-Lavis said that he wished to draw attention to 
some papers by Prof. Johannes Walther, in which that investigator 
expressed the opinion that the calcareous algee played an important 
part in the origin of dolomites. 

Prof. Jupp, replying on behalf of the Authors, stated that the 
great interest of the paper depended on the circumstance that a 
calcareous green alga was now shown to play an important part 
in limestone-building. The freshwater Chara and the purple sea- 
weeds of the type of Lithothamnion had long been known to 
form the basis of limestones. In answer to a question asked 
by Dr. Robert Bell, he pointed out that, when all structure was 
destroyed in a limestone by crystallization, its coral-reef origin 
might be inferred from the smallness of the insoluble residue in this 
class of rocks. In reply to Prof, Watts, he recalled the important 
results arrived at by Prof. Skeats in his study of the dolomite-rocks 
of the Tyrol. 


Q.J.G.8. No, 248. 30 
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31. The Crac of Iceranp — an INTERCALATION in the Basarr- 
Forwation. By Dr. Hxerer Pserursson. (Communicated by 
Prof. W. W. Warts, M.A., M.Sc, F.R.S., Sec.G.S. Read 
June 13th, 1906.) 


‘Tur existence of fossiliferous deposits on the western coast of Tjdrnes 
(Northern Iceland) has been known to science for nearly 160 years. 
They were first mentioned by the famous Eggert Olafsson in his 
book entitled ‘Enarrationes historice de Islandiz Natura & Consti- 
tutione,’ etc., published at Copenhagen in 1749. 

In 1871 the Danish conchologist O. A. L. Mérch published a 
paper ‘On the Mollusca of the Crag-formation of Iceland,’? wherein 
he enumerated 61 species of molluscs, and arrived at the conclusion 
that in the Crag-period the temperature of the northern coast of 
Iceland must have been much milder than now, ‘at least as at 
present on the west coast by Reikiavik’ [Reykjavik], op. cit. p. 394. 

Some years later, Mr. J. Starkie Gardner collected 33 species of 
Pliocene molluscs in Iceland, which were studied by Gwyn Jeffreys 
and Searles V. Wood. In the opinion of Wood, the deposits in 
question cannot be younger than Middle Red Crag, while Jeffreys 
thinks that they are somewhat younger. Gardner himself is, 
however (Quart. Journ. Geol. Soc. vol. xli, 1885, p. 97), 


‘inclined to assign a greater age to the deposit from its general appearance on 
the spot, than Dr. Gwyn Jeffreys may do, or even than Mr. Searles Wood.’ 


The most important paper in existence on the fauna of the Ice- 
landic Crag dates from 1884, but only exists in a manuscript, which 
has been deposited in the archives of the Geological Museum of 
Copenhagen. It is written by C. M. Poulsen, and is in part founded 
on the investigations of Mérch. Poulsen, in this MS.— which 
was kindly lent to me for perusal by Prof. Ussing,—enumerates 
117 species of molluscs from the Crag of Tjornes ; out of this number 
20 species are new, while of the remaining 97 species 18 per cent. 
are extinct. Poulsen’s somewhat startling conclusion is, that the 
Crag of Iceland is younger than even the youngest division of the 
English Crag. 

It seems not improbable that the 117 species of molluscs recorded 
from Tjérnes in 1884 constitute a mixture of different faunas, and 
possibly the Icelandic Pliocene deposits, which, indeed, are very 
much thicker than has been generally assumed, fall into several 
divisions. 

Thus Gardner and Poulsen may both of them be in part right. 
Looking at the percentage of extinct species, it seems not improbable 
that a portion of the Phocene fauna of Tjornes may go farther back 


1 Geol. Mag. vol. viii, p. 391. 
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than the Red Crag, while, on the other hand, a consideration of the 
number of Arctic forms makes us believe that perhaps the palazonto- 
logical evidence of Tjérnes may lead up to the opening scenes of 
the Pleistocene. 

As to the position of the Crag in the Icelandic rock-succession, 
Prof. Th. Thoroddsen thinks that the Pliocene beds are of later 
‘date than the eastern higher part of Tjornes, which, according to 
that author, constitutes a projecting remnant of the old basalts 
‘(‘horst’) against which the Pliocene strata are resting.t According 
to Prof. Thoroddsen, the Icelandic Crag ‘ points to a level of the sea 
some 150 or 200 feet higher than the existing level.’ ? 

The Crag-formation extends along the western coast of Tjérnes 
for more than 3 miles, forming a fine cliff up to 200 feet in height. 

A glance at a topographical map of Iceland will at once show, by 
‘the existence of a comparatively-broad bay, what part of the Tjérnes 
‘coast is built up by the Pliocene deposits.’ 


It is not my intention here to enter upon a description of the 
Icelandic Crag, but only to mention a cardinal fact concerning it 
which has been too long overlooked. Following the Pliocene beds 
away from the coast up along the stream-courses, we find that, at a 
height of about 500 feet above the sea, they are over- 
lain by the eastern basalts. The superposition of the basalts 
upon the fossiliferous series is very clearly seen, and at the contact 
the underlying sediments are indurated and otherwise altered. 
We thus find that, far from resting against an older Tertiary ‘ horst,’ 
‘the Crag of Tjérnes is older than the eastern basalts, which in 
Buirfell—part of a denuded Pleistocene voleano—attain a height of 
2500 feet.* 

The Crag of Iceland, then, is a fossiliferous intercalation— 
exceeding in thickness 500 feet—in the basalt-formation, or rather 
between the two basalt-formations of Iceland, the Tertiary and the 
PJeistocene, which are separated by a great gap. Harmonizing 
with this, we find intercalated among the eastern basalts of ‘ljdrnes 
indurated ground-moraines with striated stones. 

As the majority of naturalists who have visited Iceland have 
examined the Crag of Tjérnes, it may seem almost incredible that the 
above-mentioned most important fact for the geology of the country 
should have remained so long undiscovered. ‘This is, however, 
‘easily understood; no one ever doubted the Tertiary age of the 
rocks that build up the eastern, higher part of Tjornes ; and so 
investigators spent all the time at their disposal in studying the fine 
sea-cliff—as, indeed, was the case with myself, on my first visit to 


Tjornes. 


1 «Tslandske Fjorde og Bugter’ Geograf. Tidsskr. vol. xvi (1901) p. 67. 

2 ‘Explorations in Iceland, ete.’ Geograph. Journ. vol. xili (1899) p. 34 
sep. cop. 
t ephis has not, however, been remarked by Prof. Thoroddsen, whose map 

gives a very incorrect idea of the area occupied by the Crag, ] 
4 See H. Pjetursson, ‘Om Islands Geologi’ Copenhagen, 1905, p. 44. 
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That there is a great unconformity between the two basalt- 
formations of Iceland is very well seen on the north side of 
Sneefellsnes (Western Iceland), Here the Pleistocene basalts, 
together with sedimentary intercalations in the lofty and precipitous 
Kirkju Fell, have a thickness of more than 1100 feet. ‘The basal 
part of the fell is built up of decayed basalts, and cut by thick 
dykes which terminate against the base of the Pleistocene Series. 
In StS and the headland of Bilandshéfsi we also find the basal 
parts cut by thick basalt-dykes ; while thinner dykes, having another 
trend, traverse the Pleistocene formation to the top. In the two 
last-named localities the basal layer of the Pleistocene Series is 
fossiliferous, and has, in Bilandsh6fsi, yielded twenty-two species of 
mollusca, twenty of which (teste Ad. 8. Jensen) represent a highly- 
Arctic fauna (with Yoldia arctica), such as at the present day is 
found living along the coasts of Spitsbergen. 


It is a remarkable fact, looking at the very considerable thickness 
of the Crag of Tjérnes, that nowhere else in Iceland has there been 
found any trace of such Pliocene deposits. And yet the Pliocene 
sinking of the land can hardly be supposed to have been confined 
to the comparatively-limited area which is now T'jornes. 

We shall understand this fact, if we assume that the coast-line of 
Iceland has receded greatly since Pliocene times—as, indeed, in part 
can be demonstrated—so that a fringe of Pliocene deposits may have 
been abraded everywhere, except in a firth cutting exceptionally 
deep into the country. 

Pliocene times would seem to have been, in Iceland, a period of — 
at any rate comparative—quiescence from vulcanicity. Volcanic 
accumulation was probably succeeded by subsidence, erosion, and 
sedimentation. Towards the close of the Pliocene, or at the begin- 
ning of the Pleistocene Period, there followed a revival of volcanic 
energy, which resulted in the building-up of the Pleistocene basalt- 
formation—a part of which is the palagonite—or ‘ tuff- and breccia- 
formation’ of the older geologists. 

Thus the Phocene of Tjornes affords most important comple- 
mentary evidence as to the age of the much-discussed palagonite- 
formation. But, even from a more general point of view, the 
richly-fossiliferous Icelandic Crag is, in my opinion, eminently 
worthy of the attention of geologists. 

I will conclude with the expression of the wish that Science may 
not have to wait another 20 years for further contributions to the 
knowledge of the interesting Pliocene fauna of Iceland. 


Discussion, 


The Prusrppnr referred to this remarkable evidence of the con- 
tinuity of volcanic activity in Iceland throughout a long interval of 
geological time. The oldest basalts of that island no doubt dated 
irom some early Tertiary period like those of our own Western Isles. 
The Crag-deposits noticed in the present paper, as intercalated 
among the volcanic sheets, furnished interesting and important 
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evidence of the persistence of the same type of eruptions in later 
Tertiary time. The occurrence of Glacial deposits between still 
younger lavas indicated that such eruptions continued during the 
fce-Age, while the modern history of Iceland showed that the 
voleanic activity has persisted up to the present time. Not- 
withstanding the published writings and the excellent map of 
Prof. Thoroddsen, and the labours of the Author of the present paper 
as well as of other observers, much remained to be made known as 
to the details of this vastly-protracted volcanic history; and all 
interested in this department of geology must indulge the hope that 
the subject may be more fully illustrated before many years pass 
away. 

Prof. Sorzas remarked that the addition of 500 feet,' made to the 
sedimentary series by the discoveries of the Author, involved an 
addition of 50,000 years to the age of the earth, as calculated from 
the thickness of the stratified deposits. 


' [The thickness of the sedimentary series considerably exceeds 500 feet.~ 
AI, P., August 1906. | 
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32, Recumpenr Fouvs propucep as a Resutr of Frow. By Witttam 
Jounson Soxnas, 8e.D., LL.D., F.RS., F.G.8., Professor ot 
Geology in the University of Oxford. (Read June 13th, 1906.): 


Our views as to the various kinds of deformation which affect the 
earth’s crust received a remarkable extension with the memorable: 
discoveries of Lapworth, Peach, and Horne in the north of Suther- 
land. These have now culminated in the long series of revelations 
which we owe to Bertrand, Rothpletz, Schardt, Kilian, Haug, 
Lugeon, Termier, Suess, and other workers in various regions of the 
Alps, who seem to have accomplished a veritable revolution in this. 
branch of enquiry. 

The long recumbent folds, which are perhaps the most surprising 
of the new forms of disturbance lately brought to light, can be more 
readily demonstrated than explained. 

If we turn to one of the most complete and consistent accounts. 
of these phenomena, Lugeon’s description of the pre-Alps of Chablais, 
we perceive a series of recumbent folds, so gieatly exceeding in 
horizontal extension their thickness vertically, that they are 
commonly spoken of as sheets rather than folds: they lie with 
remarkable flatness one on the other ; and as a rule those higher in 
the series extend farther to the front than those below, a feature 
referred to as ‘déferlement’ by the French, or ‘ leap-frog’ as 
translated by my friend, M. Allorge. 

The roots or origin of several of the lower of these folds are 
visible in the high Alps adjacent, but the roots of the higher folds, 
which form the pre-Alps, must be sought in the zone of Mont Blane 
and the Brianconnais. Thus, some of the uppermost folds may have 
surmounted the obstacle presented by Mont Blane on their way to 
the front in the pre-Alps. 

It is no doubt true that overfolds may he traced into normal 
anticlines, and if long recumbent folds may be regarded as merely 
exaggerated overfolds, we may admit that their origin is not beyond 
our powers of comprehension ; but, even in this case, their subsequent 
history presents many difficulties to the imagination. 

Many of the features presented by recumbent folds are more 
suggestive of flowing than bending, and long ago this led me to 
offer a comparison between some of the features presented by the 
tlow-lines in pitch-glaciers with those made familiar to us by the 
sections of M. Marcel Bertrand. An account of my first experi- 
ments with pitch-glaciers was brought before the Geological Society 
in 1895* ; but, as no detailed description has been published of others. 
made subsequently, I take this opportunity to present the results of 
one or two of them, which recall in several striking peculiarities 


1 Rep. Brit. Assoc. 1895 (Ipswich) p. 680. 
? Quart. Journ. Geol. Soe. vol. li, p. 361 
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bee of the structures brought to light by Prof. Lugeon in the pre- 
ps. 

In the example that we may consider first (fig. 1, p. 718), the 
pitch-glacier was built up in the way already described in my 
previous paper. The three layers, of which the upper surface is in- 
dicated by the lines a,b, c, were placed in the experimental trough on 
April 3rd, 1895; it will be seen that they lie wholly behind the 
obstacle marked O. A fourth layer (d) was added on April 9th, its 
anterior termination lying just upon the summit of the obstacle. 
The experiment was brought to an end on June 12th, and, on cutting 
the ‘ poissier’ or pitch-glacier longitudinally through the middle, 
the layers a, 6, ¢c were found to have assumed the forms shown by 
the lines a’, 6’,c’. The general resemblance between these folded 
lines and some of the folded sheets in the Alps is sufficiently obvious; 
the second, marked c’, with its ‘ carapace’ of folds is not unlike the 
Morcles fold behind the Diablerets ; and my friend Prof. Lapworth 
compares the third (6') with the Pilatus and Sentis, and the 
fourth (a') with the overslide of the Bavarian front. 

The roots of the experimental folds lie on the other side of the 
obstacle O, which may be imagined to stand for Mont Blane. In this 
respect they recall the views of Prof. Haug, who, to give one instance 
only, brings the zone of the Aiguilles d’Arve over the summit of 
Mont Blane to form the recumbent fold of the Diablerets. 

The whole of the four lines exhibit the phenomenon of déferle- 
ment, and may be compared in this respect with Prof. Lugeon’s 
illustration’ of the three folds of Morcles, the Diablerets, and Mont 
Gond.’ In the case of the pitch-glacier the déferlement is clearly 
a necessary consequence of the conditions of the experiment. 

According to our present conceptions, there is one very marked 
difference which distinguishes the folds exhibited by this pitch- 
glacier from those of the Alps. In the former, the several folds 
originate from sheets which were superposed on each other at the 
commencement of the experiment, and in consequence the lower 
limb of each fold is adjacent to the similar limb of its neighbours, 
that is, the folds are ‘ emboités’ one in the other. In the mountains, 
on the other hand, the lower limb of a superior fold reposes on the 
upper limb of the one immediately beneath it, that is, the folds are 
superposed, and not fitted one into the other. 


In another experiment, however, made between March 24th 
and June 7th, 1895, even this difference has disappeared, or at least 
become greatly reduced. In this instance (fig. 2, p. 718), two 
obstacles O, and O, were placed in the path of the pitch : restricting 
our attention to the second layer, the original position of which is 
shown by the straight line aa’, it will be seen to have formed 
three folds one behind the other,” all lying on the foreland beyond 


1 «Les Grandes Nappes de Recouvrement des Alpes du Chablais & de la 
Suisse’ Bull. Soc. Géol. France, ser. 4, vol. i (1901) fig. 3, p. 731. 

2 Indicated by the thickened lines, the front fold lies above the words 
‘94 March’ in fig. 2. 
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the obstacle O,, while still farther on are a few scattered fragments, 
which may be compared with ‘klippen.’ In this instance, the 
several lobes of a complex fold would appear to have been sheared 
away from each other, passing through a series of stages such as 
are suggested by the folds in fig. 1. 

If a flow has taken place in the Alpine regions at all comparable 
with that of these experiments, it is obvious that particular beds 
may have been very tar from continuous at the conclusion of the 
movement. Thus, if we regard the layer just referred to as repre- 
senting a limestone-series in the Alps, we might expect, on leaving 
the region of the ‘klippen,’ to enter another of recumbent folds ; 
ascending the mountain-core O,, we should find on its ‘stoss’-side 
patches of the series, showing obvious signs of excessive pressure ; 
and then we should have to traverse the wide interval between 
the two crystalline masses O, and O, before we again encountered 
insignificant remnants of the original sheet. The absence of the 
limestone-series between these several points might not, therefore, be 
the result of denudation, but the natural consequence of mountain- 
movement. If so, the removal of the stupendous masses of sedi- 
ment by subaérial agencies, to which the Alps bear such striking 
witness, is brought closer to our powers of comprehension, since 
the material thus removed may have been the softer, more mobile 
argillaceous rock already deprived of its stiffening of comparatively- 
rigid strata. 

Since, in the first experiment, it is only the first four layers that 
have assumed a complex folded character, and since these were the 
only layers which were compelled to make a somewhat abrupt ascent 
on passing over the obstacle O, it would appear probable that the 
folding stands in some relation to this fact. Such a suggestion is 
confirmed by reference to the illustration given in my previous paper," 
where the layers marked 1 and 2, which commenced their existence 
wholly behind the barrier, have only taken the first step towards 
surmounting it, by forming comparatively-simple folds. It is in~ 
this region then, immediately behind an obstacle, that the produc- 
tion of folds originates, and the reason is clear: the anterior extremity 
of the layer is in contact, either with the floor of the experimental 
trough, or with the back of the obstacle, and in these regions the 
flow of the pitch is greatly retarded or even arrested by adhesion or 
excessive friction. The layer is held fast at this extremity, and as 
an upward and forward movement of the pitch takes place imme- 
diately behind, the layer is bulged upwards and forwards in the 
form of a fold. Slight inequalities of friction between the coloured 
layers of pitch and those to which pigment has not been added, 
may bring about the formation of secondary folds. In making these 
comparisons between flowing pitch and mountain-movements, Lam 
anxious not to push the analogy too far ; but observation has already 
so greatly outpaced explanation, that even remote resemblances may 
possess some value. 


2 Quart. Journ, Geol. Soe. vol. li (1895) fig. 3, p. 364. 
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Discussion. 


The Prestpenr remarked that it was a source of gratification to 
the geologists of this country to learn that the types of mountain- 
structure which were first worked out in detail in the North-West, 
of Scotland had been found so widely distributed over the globe, 
and that the conclusions regarding them had been so fully accepted 
by geologists in other lands. Whether or not the extremes to which 
these conclusions had been pushed by some of the more enthu- 
siastie spirits who had taken them up would ultimately be justified, 
time must show. In such papers as the present, there always seemed 
to the speaker to be two distinct, but closely-related aspects of interest. 
On the one hand, the questions of physical structure possess an 
absorbing fascination: every year the answers to them are be- 
coming clearer, and our conceptions of the manner in which the 
crust of the earth has been shaped into its present condition are: 
growing more definite. On the other hand, the solution of these 
physical problems brings ever into more vivid prominence the 
stupendous extent to which the surface of our globe has been 
affected by denudation, and the prodigious length of time during’ 
which this slow process of sculpture must have been at work. 
Even if such gigantic displacements as some observers maintain to 
have occurred, were eventually found to be somewhat exaggerated, 
there can be no doubt that the types of mountain-structure which 
have been proved to exist, while they furnish fresh demonstration 
of the potency of denudation, supply valuable evidence as to the 
high antiquity of our globe. 

Mr. A. P. Youne suggested, in relation to the Author’s theory 
requiring the presence of massive obstacles, that it might be 
profitable to discuss the hypothesis framed by geodesists to explain 
the results of pendulum-observations, which require a defect of 
mass under high mountains. 

M. M. Attorex pointed out the close correspondence between the 
structure of the northern side of the Western Alps and the results of 
the Author’s suggestive experiments. In the central part of the Alps 
there are two series of elliptical granitic masses, the major axis of 
which indicates the trend of pre-Permian(Hercynian) folds: the Belle- 
donne zone, and the Pelvoux—Mont-Blane zone. When the Tertiary 
overfoldings took place, in consequence of pressures coming chiefly 
from the south-east, these pre-existing Hercynian horsts were able 
to play a part similar to that played by the two obstacles of the 
Author’s experiment. They have very likely strengthened the 
tendency of the folds to form secondary undulations, and to leap one 
over the other. He considered that the Authoyr’s results afforded an 
experimental verification of the law established by Prof. Lugeon, 
namely, that the internal folds first produced are the shortest. The 
most external are the longest, and overlap those which precede them. 
The difficulties sometimes encountered in attempting to correlate the 
front of the sheets with their roots are due to the fact that their 
present separation is not only caused by recent erosion, but some- 
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times by tectonic disjunctions. He thought that this experiment 
also gave a good illustration of the structure en chapelet of 
the Alpine geologists; that was, the tendency of the beds of lime- 
stone to parcel out into a series of broken segments separated each 
from the other, recalling on a large scale the dislocated belemnites. 
figured by Prof. Albert Heim in his ‘Mechanism of Mountain- 
building.’ : 

It seemed scarcely necessary to add that plastic movements of 
such magnitude are only possible at a great depth, and have taken 
place under a thick covering of Tertiary strata; and perhaps even 
beneath the background (riickland of Prof. Suess) of the Dinarides 
thrust over the Alpine zone. These external layers have since been 
swept away by erosion. 

The Aurnor thanked the Fellows for their considerate attention ;. 
he was of opinion that some of the folds described by Prof. Lugeon 
had passed over Mont Blanc. 
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GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1905-1906. 


November 8th, 1905. 


J. E. Marr, Se.D., F.R.S., President, in the Chair. 


Edwin John Beer, c/o Messrs. Samuel Courtland & Co. Ltd., 
Foleskill Road, Coventry, and John Shaw Frith, B.Se., 56 Brocco 
Bank, Sheffield (Yorkshire), were elected Fellows of the Society, 


The Presipent announced that the Council, at their meeting on 
June 28th last, had passed the following resolutions :— 


1. ‘The Council desire to record on their Minutes an expression of their 
deep regret at the death of their distinguished Treasurer, and of their 
grateful recognition of the loyal and effective services which for so long a 
series of years he has given to the Geological Society§as Secretary, 


President, Treasurer, and Member of Council.’ 
2. ‘That a copy of this resolution be forwarded to Mrs. Blanford, with 
an expression of the deep sympathy of the Council with herself and 


family. 


The List of Donations to the Library was read. 


The following communications were read :-— 

1. ‘The Coast-Ledges in the South-West of the Cape Colony.’ 
By Prof. Ernest Hubert Lewis Schwarz, A.R.C.S., F.G.S. 

2. «The Glacial Period in Aberdeenshire and the Southern 
Border of the Moray Firth.’ By Thomas F. Jamieson, F.G.8, 
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The following photographs and maps were exhibited :— 


Photographs exhibited by Prof. KE. H. L. Schwarz, A.R.CS., 
F.G.S., in illustration of his paper. 

Geological Survey of England & Wales:—l-inch Map, n. s. 
(colour-printed), Sheet 141, Derby, Burton-on-Trent, Loughborough, 
&c., by C. Fox Strangways & W. W. Watts; Sheet 282, Devizes, 
by F. J. Bennett & A. J. Jukes-Browne ; and Sheet 299, Winchester, 
by W. Whitaker & C. E. Hawkins. 

Geological Survey of Scotland: 1-inch Map, Sheet 55, Blair 
Atholl, by J. Horne, J. R. Dakyns, G. Barrow, J. 8. Grant Wilson, 
H. M. Cadell, & KE. H. Cunningham-Craig. 

Geological Survey of Ireland: 1-inch Map. Parts of Sheets 186, 
187, 194, & 195, Cork & Cork Harbour (colour-printed), by G. 
W. Lamplugh, J. R. Kilroe, A. McHenry, H. J. Seymour, W. B. 
Wright, & H. B. Muff. 

All the foregoing maps were presented by the Director of 
H.M. Geological Survey. 

General Map of the Bituminous Coalfields of Pennsylvania, on the 


scale of 4 miles to the inch, by Baird Halberstadt, presented by the 
Author. 


November 22nd, 1905. 
J. HE, Marr, Sc.D., F.R.S., President, in the Chair. 


J. D. Falconer, M.A., B.Sc., Principal of the Mineralogical Survey 
of Northern Nigeria, Imperial Institute, South Kensington, 8.W. ; 
and A. Santer Kennard, 161 Mackenzie Road, Beckenham (Kent), 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 
The following communications were read :— 


1. ‘On a New Specimen of the Chimeroid Fish, Myriacanthus 
paradowus, Ag., from the Lower Lias of Lyme Regis (Dorset).’ By 
Arthur Smith Woodward, LL.D., F.R.S., F.LS., F.G.S. 


2. ‘The Rocks of the Cataracts of the River Madeira and the 
Adjoining Portions of the Beni and the Mamoré.’ By John 
William Evans, D.Sc., LL.B., F.G.S. 


3. ‘The Doncaster Karthquake of April 23rd, 1905.’ By 
Davison, Sc.D., F.G.S. : pe 
The following specimens and maps were exhibited :— 


Myriacanthus paradoxus, Ag., from the Lower Lias of Lyme 


Regis, exhibited by Dr. A. Smith Woodward, F.R.S., F.LS. 
F.G.8., in illustration of his paper. 
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Specimens, microscopic rock-sections, and lantern-slides, exhibited 
by Dr. J. W. Evans, LL.B., F.G.S., in illustration of his paper. 

Associated set of teeth of Ptychodus polygyrus from the Holaster- 
subglobosus Chalk of Holborough, near Rochester, exhibited by 
G. E. Dibley, F.G.S. 

Geologische Karte der im Reichsrathe yertretenen Konigreiche 
und Linder der Cisterreichisch-Ungarischen Monarchie : 15 0a0" 
Lieferung VI: N.W. Gruppe, Nos. 40, 65, 75, & S.W. Gruppe, 
Nos. 19, 98, 110, 120.—1905. Presented by the Director of the 
Geologische Reichsanstalt. 


A Spscran Generat Murrrne was held at 7.45 o’clock p.m., before 
the Ordinary General Meeting, at which Horace Woollaston 
Monckton, Treas.L.S., was elected Treasurer, and Richard Hill 
Tiddeman, M.A., was elected a Member of Council. 


December 6th, 1905. 
J. HE. Marr, Sc.D., F.R.S., President, in the Chair. 


Ernest Evans Willoughby Berrington, Rosehaugh, Penn, Wolver- 
hampton; Henry Briggs, Assoc.R.S.M., Langcliffe, Scholemoor, 
Bradford; John C. Brown, B.Sc., Assistant-Superintendent, Geo- 
logical Survey of India, Calcutta; Tobias Clegg, Assoc.R.CS., 
Mona House, Llangefni (Anglesey) ; Charles James Coleman, 
22 St. Mary Axe, H.C.; Hugh Burton Corbin, B.Sec., 52 Bedford 
Row, W.C.; James Henry Frogley, Assoc.M.Inst.C.E., Lakeside, 
Bradshaw, Bolton; Glen George, B.Sc., The Laurels, Aberdare 
(Glamorgan); Arthur Samuel Horne, 6 Fairpark Road, Exeter ; 
Col. Duncan A. Johnston, C.B., R.E., United Service Club, Pall 
Mall, S.W.; James Victor Burn Murdoch, Neuck, Larbert (Stirling- 
shire); Frederick Parnell Paul, Ph.D., c/o Messrs. Paul & Gray 
Ltd., Sussex Street, Sydney (New South Wales); Hubert Francis 
Gardner Roose, Assoc.R.8.M., c/o the Royal School of Mines, South 
Kensington, S.W.; and George William Young, 34 Glenthorne 
Road, Hammersmith, W:, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Physical History of the Great Pleistocene Lake of 
Portugal.’ By Prof. Edward Hull, LL.D., F.R.S., F.G.8.7 


2. ‘The Geological Structure of the Sgurr of Hige” By Alfred 
Harker, M.A., F.R.S., F.G.8. 


1 Withdrawn by permission of the Oouncil. 


iv PROCHEDINGS OF THE GEOLO@ICAL socipry. [Feb. 1906, 


Dr. J. W. Evans, in showing a new method of determining 
the optic axial angle of a biaxial mineral, by rotating it 
in parallel polarized light, on an axis at right angles to the optic 
axial plane and to the axis of the microscope, said that the posi- 
tions in which the relative retardation was zero corresponded to 
the optic axes, and the angle between these positions was the 
optic axial angle in air or in the medium in which the mineral was 
immersed. ‘Io determine when the relative retardation is ni the 
nicols are placed at angles of 45° with the axis of rotation; the 
double wedge described in the ‘ Mineralogical Magazine’ for May 
1905 (vol. xiv, p. 29) is then inserted, and the position noted when 
the bands on the two halves of the wedge are in exact continuation 
of one another. 

This method is applicable to sections of minerals in rock-slides 
which are cut at right angles to the optic axial plane; for the 
observation can be made with a low power, which admits of the 
slide being freely rotated in a stage-goniometer. With the higher 
powers which are necessary for microscopic observations in con- 
vergent light, a rock-slide could only be rotated within very narrow 
limits. 


Dr. F. A. Bararr, in exhibiting fossils from various 
localities in New Zealand, hitherto known as the 
Mount-Torlesse Annelid, but described in the ‘ Geological 
Magazine’ (December 1905) as Torlessia Mackayt, a new genus 
and species of tubicolous Polycheta, and as Dentalium Hutton, 
sp. noy., explained that, relying on determinations of other fossils 
by New Zealand geologists, he had supposed the age of the Mount- 
Torlesse Shales to be not earlier than Carponiferous and not later 
than Triassic. Prof. James Park, however, had shown that the 
Maitai Series, with which these rocks were usually correlated, 
was probably Lower Jurassic (Trans. N. Z. Inst. vol. xxxvi). 
Since the volume containing Prof. Park’s paper had not been 
received either at the Natural History Museum or at the Science 
Library, South Kensington, the speaker had been led into the 
above error, which he desired to take the earliest opportunity of 
correcting. 


In addition to the exhibits described above, the following 
specimens and maps were exhibited :— 


Lantern-slides exhibited by Prof, E. Hull, LL.D., F.R.S., F.GS., 
in illustration of his paper. 

Specimens of rocks from the Sgirr of Figg, photographs (by 
A. 8. Reid, M.A., F.G.S.) and lantern-slides, exhibited by Alfred 
Harker, M.A., F.R.S., F.G.S., in illustration of his paper. 

A weathered pebble from Sr. Bride’s Bay (Pembrokeshire), 
exhibited by J. V. Elsden, B.Sc., F.G.S. 

Geological Survey of England & Wales: 1-inch Map (Drift), n.s., 
Sheet 283, Andover, by F. J. Bennett & ©. E. Hawkins; and 
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Sheet 284, Basingstoke, by F. J. Bennett, J. H. Blake, & C. E. 
Hawkins, both colour-printed. Presented by the Director of H.M. 
Geological Survey. 


December 20th, 1905. 
J. E. Marr, Se.D., F.R.S., President, in the Chair, 


Thomas Franklin Sibly, B.Sc., The University, Birmingham, was 
elected a Fellow; and Prof. Louis Dollo, Curator of the Royal 
Museum of Natural History, 31 Rue Vautier, Brussels; and 
Dr. August Rothpletz, Professor of Geology & Paleontology in 
the University of Munich, were elected Foreign Members of the 
Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Highest Silurian Rocks of the Ludlow District.’ By 
Miss Gertrude L. Elles, D.Sc. (Dublin), and Miss I. L. Slater, 
B.A. (Dublin), Newnham College, Cambridge. (Communicated by 
Prof. T. McKenny Hughes, M.A., F.R.S., F.G.S.) 


2. ‘The Carboniferous Rocks at Rush (County Dublin). By 
Charles Alfred Matley, D.Sc., F.G.8. With an Account of the 
Faunal Succession and Correlation, by Arthur Vaughan, B.A., 
DiSe L.G.S. 


Prof. G. F. Wrieur, in exhibiting a map of the Lebanon 
district, gave an interesting description of the evidence which he 
found, in a recent journey to that district, as to the height and 
extent of the terminal moraine. He remarked also that the water- 
level in the Jordan Valley stood, in comparatively-recent times, 
750 feet higher than at present, and this he connected with the 
glaciation of the area. Very small climatic changes would be 
sufficient to start the Lebanon Glacier again. 


The following specimens and drawings were exhibited :— 


Fossils exhibited in illustration of the paper by Miss G. L. Elles, 
D.Sc., and Miss I. L. Slater, B.A. 
Rock-specimens, etc. exhibited by Dr. C. A. Matley, F.G.S., in 


illustration of his and Dr. Vaughan’s paper. 
Water-colour drawings of microscopic rock-sections by the late 
Rev. T. Neville Hutchinson. made about the year 1878, exhibited 


by the Rey. H. Neville Hutchinson, B.A., F.G.S, 
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January LOth, 1906. 


J. E. Mare, Sc.D., F.R.S., President, in the Chair. 


Sydney Edgar Thomas, Mining Engineer, Sydney, Cape Breton 
(Nova Scotia); and Bristow J. Tully, 23 Antrim Mansions, 
Hampstead, N.W., were elected Fellows of the Society. 


The following Fellows, nominated by the Council, were elected 
Auditors of the Society’s Accounts for the preceding year :— 
Breprorp McNerrt, A.R.S.M., and Joun Surra Frarr, M.A., D.Se. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Clay-with-Flints: its Origin and Distribution” By 
Alfred John Jukes-Browne, B.A., F.G.S8. 


2. ‘On Footprints from the Permian of Mansfield (Nottingham- 
shire).’ By George Hickling, B.Sc. (Communicated by Prof. W. 
Boyd Dawkins, M.A., D.Sc., F.R.S., F.G.S.) 


The following specimens, etc. were exhibited :— 


Casts and lantern-slides of footprints from the Permian of 
Mansfield, exhibited in illustration of the paper by George Hick- 
ling, B.Sc. 

Sheet 37, Inveraray, of the 1-inch map, recently issued by the 
Geological Survey of Scotland, presented by the Director of H.M. 
Geological Survey. 


January 24th, 1906. 


J. KE. Marr, Se.D., F.R.S., President, in the Chair. 
The List of Donations to the Library was read. 


The Sucrerary announced the donation of the following 
portraits :—Framed photograph of the late Dr. W. T. Blanford, 
C.LE., F.RS., Treas.G.S., presented by Mrs, Blanford ; framed photo- 
graph of Prof. J. W. Judd, C.B., LL.D., F.R.S., presented by himself ; 
framed photograph of the late J. P. Lesley, For.Memb.G.S., pre- 
sented by Sir Archibald Geikie, D.C.L., Sc.D., Sec.R.S. ; portrait 
of Prof. T. McKenny Hughes, M.A., F.R.S., presented by 
Dr. Henry Woodward, F.R.S. 
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The following communications were read :— 


1. ‘On the Igneous and Associated Sedimentary Rocks of Llan- 
gynog (Caermarthenshire).’ By T. Crosbee Cantrill, B.Sc., and 
Herbert Henry Thomas, M.A., F.G.S. 


2. ‘The Buttermere and Ennerdale Granophyre.’ By Robert 
Heron Rastall, B.A., F.G.S. (Christ’s College, Cambridge). 


The following specimens, etc. were exhibited :— 


Rock-specimens, microscope-sections, lantern-slides, and MS. 
geological 6-inch maps, exhibited by T. C. Cantril], B.Sc., and 
H. H. Thomas, M.A., F.G.S., in illustration of their paper. 

Rock-specimens and lantern-slides, exhibited by R. H. Rastall, 
B.A., F.G.S., in illustration of his paper. 

Geological Survey of England & Wales: l-inch map, n. s., 
Sheet 332, Bognor (Drift), by C. Reid; and Sheet 334, Eastbourne 
(Drift), by W. A. E. Ussher & C. Reid, both colour-printed ; 
presented by the Director of H.M. Geological Survey. 


February 7th, 1906. 
J. E. Marr, Sc.D., F.R.S., President, in the Chair. 


Walter Thomas Gillett Burr, Oak Close, Brimington, Chester- 
field; and Charles Henry Gott, A.M.1.C.E., F.S.I., 8 Charles 
Street, Bradford (Yorkshire), were elected Iellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Carboniferous Limestone (Avonian) of the Mendip Area 
(Somerset), with especial reference to the Paleontological Sequence.’ 
By Thomas Franklin Sibly, B.Sc., F.G.8. 


2. ‘The Igneous Rocks of the Eastern Mendips.’ By Prof. 
Sidney Hugh Reynolds, M.A., F.G.5. 


The following specimens were exhibited :— 


Fossils, rock-specimens, microscope-sections, and lantern-slides, 
exhibited by Prof. 8. H. Reynolds, M.A., F.G.S., in illustration of 
his paper. 

Fossils from the Carboniferous Limestone of the Mendips, 
exhibited by H. Franklin Parsons, M.D., F.G.S. 


J 


a 


va 


ANNUAL GENERAL. MEETING, 
February 16th, 1906. 


J. E. Marr, Sc.D., F.R.S., President, in the Chair. 


Report or THE Councin For 1905. 


We regret to have to announce a decrease in the total Number of 
Fellows, although the Number elected (48) during the year under 
review exceeded by 2 the Number elected in each of the years 1903 
and 1904. Of the 48 Fellows elected in 1905, 36 paid their 
Admission-Fees before the end of that year, and 13 Fellows, who 
had been elected in the previous year, also paid their Admission- 
Fees during 1905. The total Accession of New Fellows within the 
twelve months under review amounts, therefore, to 49 (the same 
number as in 1903, but 5 more than in 1904). 

Setting against this number a loss of 61 Fellows (26 by death, 
19 by resignation, and 16 by removal from the List, under Bye- 
Laws, Sect. VI, Art. 5), it will be seen that there is a decrease in 
the Number of Fellows of 12 (as compared with a decrease of 3 in 
1904, and of 4 in 1903). 

The total Number of Fellows is thus reduced to 1239, made up 
as follows :—Compounders, 280; Contributing Fellows, 926 (8 less 
than in 1904, and 4 less than in 1903); and Non-Contributing 
Fellows, 33. 

Turning now to the Lists of Foreign Members and Foreign 
Correspondents, we have, as in the previous year, to deplore the 
loss of two of the former, Baron Ferdinand von Richthofen and 
Prof. Gustave Dewalque, and also the loss of one Foreign Corre- 
spondent, Prof. Victor Raulin. The vacancies thus created were 
in part filled by the transfer of Dr. Louis Dollo and Prof. August 
Rothpletz from the List of Correspondents to that of Members, and 
by the election of Prof. Bundjiré Koto (the first native of Japan to 
appear in the List) as Foreign Correspondent. At the end of 
the year there still remained, however, two vacancies in the List of 
Foreign Correspondents. 

With regard to the Income and Expenditure of the Society during 
1905, the figures set forth in detail in the Balance-Sheet may be 
summarized as follows :— 

The total Receipts, including the Balance of £409 7s. 7d. brought 
forward from the previous year, amounted to £3371 9s. 7d., being 
£25 6s. Od. more than the estimated Income. 
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The total Expenditure during the same period amounted to 
£3066 6s. 10d., being £129 10s. 10d. more than the estimated 
Expenditure for the year, and £104 4s. 10d. in excess of the actual 
Receipts. ‘The three principal items in regard to which the Expen- 
diture exceeded the sums provided in the Estimates were the 
Quarterly Journal (excess £34 12s, 2d.), the Library (excess 
£44 10s. 5d.), and Miscellaneous Printing (excess £30 11s. 4d.). 

The Council have to announce the completion of Vol. LXI and 
the commencement of Vol. LXII of the Society’s Quarterly Journal. 

Mr. C. Davies Sherborn is making increasingly-rapid progress with 
his manuscript Card-Catalogue of the Library, and it may now be 
said that ‘the end is in sight.’ A considerable number of new 
cabinets for the purpose of accommodating this Catalogue are 
provided for in the Estimates for the current year. 

Mr. Sherborn having intimated his inability to undertake, after 
the end of 1905, the preparation of the catalogue-slips for the 
International Catalogue of Scientific Literature, the Council ap- 
pointed a Committee to review the part hitherto taken by the 
Society in furnishing the slips for British Geology to the Central 
Bureau, and that Committee have recommended the discontinuance 
of the work under present conditions. The Committee have further 
recommended that modifications be made in the Society’s Record 
of Geological Literature, so that all geological literature published 
in Britain shall be included, and that shps from it shall be avail- 
able for the purposes of the Central Bureau of the International 
Catalogue of Scientific Literature. 

The Committee engaged in the preparation of the Centenary 
Record of the Society, initiated by Mr. Horace B. Woodward, are 
able to report that substantial progress towards the completion of 
the work has been made during the past year. 

The lamented decease of Dr. W. T. Blanford, which took place 
most unexpectedly towards the end of June last, deprived the 
Council of the aid and advice of one who had for the last 21 years 
(first as Secretary, from 1884 to 1888; then as President, from 1888 
to 1890; and finally as Treasurer, from 1895 until his decease) 
served the Society with unflagging devotion and zeal. In accordance 
with the prescriptions of the Charter and Bye-Laws, a Special 
General Meeting was held on November 22nd, 1905, at which 
Mr. H. W. Monckton was elected Treasurer, and Mr. R. H. Tiddeman 
a Member of the Council, to fill the vacancies thus created. 

The third Award from the Daniel Pidgeon Trust-Fund was 
made, on May 10th, 1905, to Mr. Thomas Vipond Barker, B.A., who 
proposed to investigate the deposition of crystals of minerals and 
other substances in regular position on each other, with special 
reference to such groups as those of calcite, barytes, aragonite, etc. 

The following Awards of Medals and Funds have also been made 
by the Council :— 

The Wollaston Medal is awarded to Dr. Henry Woodward, F.R.S. 
in recognition of the value of his ‘researches concerning the mineral 
structure of the Karth,’ and particularly of his valuable contri- 
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butions to the science of Paleontology, more especially to our 
knowledge of the fossil Arthropoda. 

The Murchison Medal, together with a Sum of Ten Guineas 
from the Murchison Geological Fund, is awarded to Mr. Charles 
Thomas Clough, M.A., in recognition of his invaluable contributions 
to Geological Science, by means of the Maps and Memoirs executed 
by him for H.M. Geological Survey. 

The Lyell Medal, together with a Sum of Twenty-Five Pounds 
from the Lyell Geological Fund, is awarded to Prof. Frank 
Dawson Adams, Ph.D., ‘asa mark of honorary distinction, and as an 
expression on the part of the Council that he has deserved well of 
the science,’ particularly by his contributions to our knowledge of the 
geology of Canada. 

The Prestwich Medal is awarded to Mr. William Whitaker, F.R.S., 
as an acknowledgment of the work that he has done for the advance- 
ment of the science of Geology, particularly by his researches among 
the Tertiary strata of the London and Hampshire Basins. 

The Balance of the Proceeds of the Wollaston Donation-Fund is 
awarded to Dr. Finlay Lorimer Kitchin, M.A., as an acknowledgment 
of the value of his investigations concerning the fossil Brachiopoda, 
and other Invertebrata, especially in India, and in order to encourage 
him in further research. 

The Balance of the Proceeds of the Murchison Geological Fund 
is awarded to Mr. Herbert Lapworth, B.Sc., as an acknowledgment 
of the value of his investigations regarding the Llandovery rocks of 
the Rhayader district, and as an incentive to further work, 

A moiety of the Balance of the Proceeds of the Lyell Geological 
Fund is awarded to Mr. William George Fearnsides, M.A., in 
recognition of his valuable contributions to our knowledge of 
the Lower Paleozoic and the Cretaceous rocks, and in order to 
encourage him in further investigations. 

The other moiety of the Balance of the Proceeds of the Lyell 
Geological Fund is awarded to Mr. Richard H. Solly, M.A., as 
an acknowledgment of the valuable work done by him on the 
minerals of the Binnenthal and other districts, and as an encourage- 
ment to further research. 

A sum of Twenty-Five Pounds from the Barlow-Jameson Fund 
is awarded to Mr. Henry C. Beasiey, in recognition of his important 
work on the Triassic rocks, and in order to encourage him in 
further research. 


Report or THE LipraRy-aAnD-Mvuspum Commirrer ror 1905. 


The Additions made to the Library during the Year under review 
have fully maintained, both in number and in importance, the 
standard of previous years. 

During the past twelye months the Library has received by 
Donation 200 Volumes of separately-published Works,318 Pamphlets 
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and detached Parts of Works, 268 Volumes and 87 detached Parts 
of Serial Publications, and 20 Volumes of Newspapers. 

The total Number of Accessions to the Library by Donation is 
thus found to amount to 488 Volumes, 318 Pamphlets, and 87 
detached Parts. Moreover, 86 Sheets of Geological Maps were 
presented to the Library. This unusual number of strictly- 
geological maps included 20 Sheets received from H.M. Geological 
Survey; 10 Sheets from the Geological Survey of Canada; 11 
Sheets from the Russian Geological Survey; 7 Sheets from the 
Imperial Austro-Hungarian Geological Institute; 5 Sheets of the 
International Geological Map of Europe; 6 Sheets from the Swiss 
Geological Commission; 8 Sheets from the Geological Survey of 
Sweden; 5 from that of Rumania; and 6 from that of Japan. 
Mr. C. V. Bellamy presented a copy of his Geological Map of 
Cyprus; Capt. Baird Halberstadt presented a copy of his Map of the 
Bituminous Coalfields of Pennsylvania; and the late Prof. Gustave 
Dewalque presented a copy of his Tectonic Map of Belgium and 
the neighbouring Provinces. 

Among the Books and Pamphlets mentioned in the foregoing 
paragraph, special attention may be directed to the following 
works:—The 5th Edition of Prof. A. de Lapparent’s ‘ Traité de 
Géologie’; Part II of Vol. I of the new Edition of Prof. Rosen- 
busch’s ‘Mikroskopische Physiographie der Mineralien & Gesteine’ 
(in collaboration with Dr, E. A. Wiilfing); Prof. L. de Launay’s 
‘La Science géologique’; Dr. Charles Davison’s ‘ Study of Recent 
Earthquakes’; the 6th Edition of the late Sir Clement Le Neve 
Foster’s ‘Ore & Stone-Mining’ (revised by B. H. Brough); the 
2nd Edition of Prof. E. Kayser’s ‘ Allgemeine Geologie’; Dr. F. H. 
Hatch’s & Dr. G. 8. Corstorphine’s ‘Geology of South Africa’ ; 
Mr. A. W. Rogers’s ‘ Geology of Cape Colony’; Mr. F. W. Rudler’s 
‘Handbook to a Collection of Minerals of the British Islands’ ; 
Parts I & IL of Dr. L. Carez’s ‘ Géologie des Pyrénées frangaises’ ; 
Prof. Lacroix’s great monograph on ‘ La Montagne Pelée & ses Erup- 
tions’; Mr. R. L. Galloway’s ‘ Annals of Coal-Mining’; Dr. J. E. 
Marr's ‘Introduction to Geology’; the first volume of the Monograph 
on the Rocks of Cape-Colville Peninsula (N.Z.) by Prof. W. J. Sollas 
& Dr. A. McKay ; also ‘The Age of the Earth & other Studies, 
by Prof. W. J. Sollas; the Geological Survey-Memoirs on the 
North Staffordshire Coalfields, on the Country between Derby, 
Burton-on-Trent, & Ashby-de-la-Zouch (with a Chapter on 
Charnwood), on the Country south & east of Devizes, on the 
Geology of Bridgend, on the Water-Supply of Lincolnshire, on 
West-Central Skye and on Blair Atholl, and on the Country 
around Cork & Cork Harbour. Among the numerous publications 
received from the United States Geological Survey was Prof. C. R. 
Van Hise’s ‘Treatise on Metamorphism’; and special mention is 
due to Prof. A. Heim’s great monograph on the Sintis Range, 
published by the Swiss Geological Commission. ‘The German 
Colonial Office presented its official monograph on the Geology of 
the Cameroons ; and publications, too numerous to particularize in 
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this place, were received from the Geological Surveys and other 
Government Departments of Egypt, India, the South African 
Colonies, Canada, the various States of the Australian Common- 
wealth, Alabama, Georgia, Iowa, Indiana, Missouri, Maryland, 
New Jersey, and Ohio; from those also of Japan, Russia, the Dutch 
East Indies, Portugal, and Prussia. 

Dr. J. W. Evans presented twenty-five lantern-slides of the 
microscopic rock-sections exhibited in illustration of his paper on 
the Cataracts of the Rio Madeira, etc.; and the Society’s collection 
of the portraits of eminent geologists was enriched by the following 
much appreciated gifts: framed photograph of the late Dr. W. T. 
Blanford, presented by Mrs. Blanford; framed photograph of Prof. 
J. W. Judd, presented by himself; portrait of Prof. T. McKenny 
Hughes, presented by Dr. Henry Woodward; and framed photo~ 
graph of the late Prof. J. P. Lesley, For.Mem.G.S., presented by 
Sir Archibald Geikie. 

The Books, Maps, etc. enumerated above were the gift of 175 
Personal Donors; 123 Government Departments and other Public 
Bodies ; and 164 Societies and Editors of Periodicals. 

The Purchases, made on the recommendation of the standing 
Library Committee, included 58 Volumes and 10 Parts of separately- 
published Works; 38 Volumes and 12 Parts of Works published 
serially ; and 13 Sheets of Maps. 

Further progress has been made during the past year in over- 
taking the arrears of binding and map-mounting. No less than 
120 Sheets of Maps have been mounted ; and the Junior Assistant 
(Alec Field) has classified under their separate authors, and sent to 
the binders, about 360 Volumes of Tracts, representing the 
accumulations of some twenty years. 

The Expenditure incurred in connexion with the Library during 
1905 was as follows :— 


ES Ge 
Books, Periodicals, etc. purchased.......... 81 4 4 
Binding of Books and Mounting of Maps.... 163 6 1 


£244 10 5 


being £44 10s. 5d. in excess of the amount provided for in the 
Estimates for that year. 

With regard to the progress of the new Card-Catalogue of the 
Library, upon which he is engaged, Mr. C. Davies Sherborn supplies 
the following particulars :— 


‘The Card-Catalogue is now compiled up to the end of 1901. 1902 is 
almost ready, and 1903 and 1904 will be ready by June next. Revision and 
additions dealing with the contents of the periodical publications will shortly 
be commenced. The revision will permit of considerable reduction in the 
number of cards, thereby facilitating the use of the Catalogue ; and it is hoped 
that Fellows will use the cards themselves, and thus relieve the pressure on 
those members of the staff who assist in the Library.’ 
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For the purpose of study and comparison, the Collections were 
visited on 18 occasions during the year, the contents of about 
55 drawers being thus examined. Moreover, the permission of 
the Council having been duly obtained, about 90 specimens were 
lent during 1905 to various investigators. : 

No expenditure has been incurred in connexion with the Society’s 
Museum during the past year. 


The appended Lists contain the Names of Government Depart- 
ments, Public Bodies, Societies, Editors, and Personal Donors, from 
whom Donations to the Library have been received during the year 
under review :— 


I. Government DEPARTMENTS AND OTHER Pusiic BopiEs. 


Alabama.—Geological Survey, University (Ala.). 

American Museum of Natural History. New York. 

Australia (S.), etc. See South Australia, ete. 

Austria.—Kaiserlich-K6nigliche Geologische Reichsanstalt. Vienna. 

Bavaria.—KGnigliches Bayerisches Oberbergamt. Munich. é 

Belgium.—Académie Royale des Sciences, des Lettres & Beaux-Arts de Belgique. 
Brussels. 

—-. Musée Royal d’Histoire Naturelle. Brussels. 

Berlin—K@nigliche Preussische Akademie der Wissenschaften. 

Birmingham, University of. 

Bohemia.—Royal Museum of Natural History. Prague. 

Naturwissenschaftliche Landesdurchforschung. Prague. 

British Columbia.—Department of Mines, Victoria (B.C.). 

British Guiana.—Department of Mines. Georgetown. 

British South Africa Company. London. 

Buenos Aires.—Museo Nacional de Buenos Aires. 

California, University of. Berkeley (Cal.). 

Cambridge (Mass.).—Mnuseum of Comparative Zoology, Harvard College. 

Canada.—Geological & Natural History Survey. Ottawa. 

—, High Commissioner for. London. 

Sep een of Agriculture: Geological Commission. Cape 

Town. 

South African Museum. Cape Town. 

Carolina (N.).—Geological Survey. Raleigh (N. Car.). 

Chicago.—‘ Field’ Columbian Museum. 

Cordoba (Argentine Republic).—Academia Nacional de Ciencias. 

Cracow.—Académie des Sciences. (Akademie Umiejetnosci.) 

Denmark.—Commission for Ledelsen af de Geologiske og Geographiske Undersé- 
gelser i Grénland. Copenhagen. 

—. Kongelige Danske Videnskabernes Selskab. Copenhagen. 

Dublin.—Royal Irish Academy. 

Egypt.—Department of Public Works: Geological Survey. Cairo. 

Finland.—Finlands Geologiska Undersékning. Helsingfors. 

France.—Ministére des Travaux Publics. Paris. 

Muséum d’ Histoire Naturelle. Paris. 

Georgia.—Geological Survey. Atlanta (Ga.). 

Germany.—Kaiserliche Leopoldinisch-Carolinische Deutsche Akademie de 
Naturforscher. Halle an der Saale. ; 

Great Britain.—Army Medical Department. London. 

British Museum (Natural History). London. 

——. Colonial Office. London. 


Vol. 62.} ANNUAL REPORT. XV 


Great Britain.—Geological Survey. London. 

Home Office. London. 

——. India Office. London. 

Holland.—Departement van Kolonien. The Hague. 

Hull.—Municipal Museum. 

Hungary.—Kénigliche Ungarische Geologische Anstalt (Magyar Foldtani 
Tarsulat). Budapest. 

India.—Geological Survey. Calcutta. 

——. Surveyor-General’s Office. Calcutta. 

Towa Geological Survey. Des Moines (Iowa). 

Jreland.—Department of Agriculture & Technical Instruction. Dublin. 

Italy.—Reale Comitato Geologico. Rome. 

Japan.—Harthquake-Investigation Committee. Tokio. 

Geological Survey. ‘Tokio. 

Jassy, University of. 

Kansas.— University Geological Survey. Lawrence (Kan.). 

Kingston (Canada).—Queen’s College. 

London.—City of London College. 

——. Imperial Institute. 

—. Royal College of Surgeons. 

University College. 

Mexico.—Instituto Geolédgico. Mexico City. 

Michigan College of Mines. Houghton (Mich.). 

Milan.—Reale Istituto Lombardo di Scienze & Lettere. 

Missouri.—Bureau of Geology & Mines. Jefferson City (Mo.). 

Montana University. Missoula (Mont.). 

Munich.—Konigliche Bayerische Akademie der Wissenschaften, 

Mysore Geological Department. Bangalore. 

Nancy.—Académie de Stanislas. 

Naples.—Accademia delle Scienze. 

Natal.—Department of Mines. Pietermaritzburg. 

Geological Survey. Pietermaritzburg. 

Newcastle-upon-Tyne. Armstrong College. 

New Jersey.—Geological Survey. Trentham (N.J.). 

New South Wales, Agent-General for. London. 

Department of Mines & Agriculture. Sydney (N.S.W.). 

. Geological Survey. Sydney (N.S.W.). 

New York State Museum. Albany (N.Y.). 

New Zealand.—Department of Mines. Wellington (N.Z.). 

Norway.—Geological Survey. Christiania. 

Nova Scotia.—Department of Mines. Halifax (N.S.). 

Ohio.—Co-operative Topographical Survey. Springfield (Ohio). 

Geological Survey. Columbus (Ohio). ; 

Padua.—Reale Accademia di Scienze, Lettere & Arti. 

Paris.—Académie des Sciences. 

Perak Government. Taiping. 

Peru.—Ministerio de Fomento. Lima. 

Pisa, Royal University of. ; 

Portugal.—Commissao dos Trabalhos geologicos, Lisbon. 

Prussia.—Ministerium fiir Handel & Gewerbe. Berlin. 

Konigliche Preussische Geologische Landesanstalt. Berlin. 

Queensland, Agent-General for. London. 

——. Department of Mines. Brisbane. 

. Geological Survey. Brisbane. 

Redruth School of Mines. 

Rhodesia.—Chamber of Mines. Bulawayo. 

Rhodesian Museum. Bulawayo. 

Rio de Janeiro.—Museu Nacional. 

Rome.—Reale Accademia dei Lincei. 

Russia.—Comité Géologique. St. Petersburg. 

Section Géologique du Cabinet de S.M. l’Empereur. St. Petersburg, 

South Australia, Agent-General for. London. 

Geological Survey. Adelaide. , 

Spain.—Comision del Mapa Geolégico. Madrid. 

Stockholm.—Kongliga Svenska Vetenskaps Akademi. 

Sweden.—Sveriges Geologiska Undersékning. Stockholm. 

Switzerland.—Geologische Kommission der Schweiz. Berne. 
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Tasmania.—Secretary for Mines. Hobart. 

Tokio. Imperial University. 

College of Science. 

Transvaal.—Geological Survey. Pretoria. 

Mines Department. Pretoria. 

Turin.—Reale Accademia delle Scienze. 

United States—Geological Survey. Washington (D.C.). 
——. Department of Agriculture. Washington (D.C.). 
National Museum. Washington (D.C.). 

Upsala, University of. 

Victoria (Austral.), Agent-General for. London. 

(——). Department of Mines. Melbourne. 

(——). Geological Survey. Melbourne. 
Vienna.—Kaiserliche Akademie der Wissenschaften. 
Washington (D.C.).—Smithsonian Institution. 
(U.S.A.).—Geological Survey. Olympia (Wash.). 
West Indies.—Imperial Agricultural Department. Bridgetown (Barbados). 
Western Australia, Agent-General for. London. 
Department of Mines. © Perth (W.A.). 

—. Geological Survey. Perth (W.A.). 
Wisconsin.—Geological & Natural History Survey. Madison (Wisc.). 


IL. Socrerres anp Eprrors. 


Acireale.-—Accademia di Scienze, Lettere & Arti. 
Adelaide.—Royal Society of South Australia. 
Agram.—Societas Historico-Naturalis Croatica. 
Alnwick.—Berwickshire Naturalists’ Club. 
Basel.—Naturforschende Gesellschaft. 

Bath.—Natural History & Antiquarian Field-Club. 
Belgrade.-—Servian Geological Society. 
Berlin.—Deutsche Geologische Gesellschaft. 

—. Gesellschaft Naturforschender Freunde. 

—. ‘Zeitschrift fiir Praktische Geologie.’ 
Berne.—Schweizerische Naturforschende Gesellschaft. 
Bishop Auckland.—Wearside Naturalists’ Field-Club. 
Bombay Branch of the Royal Asiatic Society. 
Bordeaux.—Société Linnéenne. 

Boston (Mass.) Society of Natural History. 

American Academy of Arts & Sciences. 
Bristol Naturalists’ Society. 

Brooklyn (N.Y.) Institute of Arts & Sciences. 
Brunswick.— Verein fiir Naturwissenschaft zu Braunschweig. 
Brussels.—Société belge de Géologie, de Paléontologie & d’Hydrologie. 
Budapest.—Féldtani Kézlény. 

Buenos Aires.—Sociedad Cientifica Argentina. 
Bulawayo.—Rhodesian Scientific Association. 
Caen.—Société Linnéenne de Normandie. 

Calcutta.—‘ Indian Engineering.’ 

—. Asiatic Society of Bengal. 

Cambridge Philosophical Society. 

Cape Town.—South African Association for the Advancement of Science. 
South African Philosophical Society. 
Cardiff—South Wales Institute of Engineers. 
Chicago.— Journal of Geology.’ 

Christiauia.— Norsk Geologisk Forening. 

‘Nyt Magazin for Naturvidenskaberne.’ 
Colombo.—Ceylon Branch of the Royal Asiatic Society. 
Colorado Springs.—‘ Colorado College Studies.’ 
Croydon Microscopical & Natural History Society. 
Denver.—Colorado Scientific Society. 

Dorpat (Jurjew).—Naturforschende Gesellschaft. 
Dresden.—Naturwissenschaftliche Gesellschatt. 

——. Verein fiir Erdkunde. 

Edinburgh.—Royal Scottish Geographical Society. 
—. Royal Society. 


a 
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Ekaterinburg.—Société Ouralienne d’Amateurs des Sciences Naturelles. 
Falmouth.—Royal Cornwall Polytechnic Society. 

Frankfurt am Main.—Senckenbergische Naturforschende Gesellschaft. 
Freiburg im Breisgau.—Naturforschende Gesellschaft. 
Geneva.—Société de Physique & d’ Histoire Naturelle. 
Giessen.—Oberhessische Gesellschaft fiir Natur- & Heilkunde. 
Glasgow.—Geological Society. 

Gloucester.—Cotteswold Naturalists’ Field-Club. 
Gratz.—Naturwissenschaftlicher Verein fiir Steiermark. 
Haarlem.—Société Hollandaise des Sciences. 

Halitax (N.S.).—Nova Scotian Institute of Science. 
Hanau.—Wetterauische Gesellschaft fiir Gesammte Naturkunde. 
Havre.—Société Géologique de Normandie. 
Hertford.—Hertfordshire Natural History Society. 

Hull Scientific & Naturalists’ Field-Club. 

Indianapolis.—Indiana Academy of Science. 
Johannesburg.—Geological Society of South Africa. 
Kiev.—Société des Naturalistes. 

Lausanne.—Société Vaudoise des Sciences Naturelles. 

Lawrence (Kan.).—‘ Kansas University Bulletin.’ 

Leeds Philosophical & Literary Society. 

—. Yorkshire Geological & Polytechnic Society. 

Leicester Literary & Philosophical Society. 

Leipzig.—‘ Zeitschrift fiir Krystallographie & Mineralogie.’ 
Liége.—Société Géologique de Belgique. 

. Société Royale des Sciences. 

Lille.—Société Géologique du Nord. 

Lima.— Revista de Ciencias.’ 

Lisbon.—Sociedade de Geographia. 

Liverpool Geological Society. 

—.' Literary & Philosophical Society. 

London.—‘ The Atheneum.’ 

British Association for the Advancement of Science. 
British Association of Waterworks Engineers. 

Chemical Society. 

‘The Chemical News.’ 

‘The Colliery Guardian.’ 

Hast India Association. 

‘The Geological Magazine.’ 

Geologists’ Association. 

Institute of Sanitary Engineers. 

Institution of Civil Engineers. 

Institution of Mining & Metallurgy. 

Iron & Steel Institute. 

Linnean Society. 

‘The London, Edinburgh, & Dublin Philosophical Magazine.’ 
Mineralogical Society. 

‘The Mining Journal.’ 

© Nature.’ 

Palwontographical Society. 

‘The Quarry.’ 

Records of the London & West-Country Chamber of Mines. 
Royal Agricultural Society. 

Royal Geographical Society. 

Royal Institution. 

Royal Meteorological Society. 

Royal Micr oscopical Society. 

Royal Photographic Society. 

Royal Society. 

Society of Arts. 

Society of Biblical Archeology. 
‘The South-Eastern Naturalist’ (S.E. Union of Scientific Societies). 
Victoria Institute. 

‘Water.’ 

Zoological Society. 

Manchester Geological & Mining Society. 

Literary & Philosophical Society. 
Melbourne.—Australasian Institute of Mining Engineers. 


. . . 


. 
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Melbourne.—Royal Society of Victoria. 
Mexico.—Sociedad Cientifica ‘ Antonio Alzate.’ 
Moscow.—Société Impériale des Naturalistes. 
New Haven (Comn.).—‘ The American Journal of Science.’ 
New York.—Academy of Sciences. 
American Institute of Mining Engineers. 
* Science.’ 
Newcastle-upon-Tyne.—The Institution of Mining Engineers. 
North-of-England Institute of Mining & Mechanical Engineers. 
Northampton.—Northamptonshire Natural History Society. 
Oporto.—Academia polytecnica. [Coimbra.] 
Ottawa.—Royal Society of Canada. 
Paris——Comunission Franeaise des Glaciers. 
Société Frangaise te Minéralogie. 
—. Société Géologique de France. 
‘Spelunca.’ 
Penzance.—Royal Geological Society of Cornwall. 
Perth.—Perthshire Society of Natural Science. 
Philadelphia.—Academy of Natural Sciences. 
—. American Philosophical Society. 
—. Wagner Free Institute of Science. 
Pisa.—Societa Toscana di Scienze Naturali. 
Plymouth.—Devonshire Association for the Advancement of Science. 
Rennes.—Société Scientifique & Médicale de Ouest. 
Rochester (N.Y.).—Academy of Science. 
Geological Society of America. 
Rome.—Societa Geologica Italiana. 
Rugby School Natural History Society. 
Santiago de Chile-—Sociedad Nacional de Mineria. 
—. Société Scientifique du Chili. 
Sao Paulo.—Sociedade Scientifica. 
Scranton (Pa.).—‘ Mines & Minerals.’ 
St. John (N.B.).—Natural History Society of New Brunswick. 
St. Petersburg.—Russische Kaiserliche Mineralogische Gesellschaft. 
Stockholm.—Geologiska Forening. 
Stratford.—Kssex Fieid-Club. 
Stuttgart.—‘ Centralblatt fiir Mineralogie, Geologie & Palaontologie.’ 
—. ‘Neues Jahrbuch fiir Mineralogie, Geologie & Palaontologie.’ 
—. Oberrheinischer Geologischer Verein. 
—. Verein fiir Vaterlaindische Naturkunde in Wiirttemberg. 
‘Zeitschrift fiir Naturwissenschaften.’ 
Sydney (N.S.W.).—Linnean Society of New South Wales. 
Royal Society of New South Wales. 
Toronto.—Canadian Institute. 
Toulouse.—Société d’ Histoire Naturelle. 
Truro.—Royal Institution of Cornwall. 
Ve cee Beitrage zur Palaontologie und Geologie Csterreich-Ungarns & des 
rients. 
—. ‘Berg- & Hiittenminnisches Jahrbuch.’ 
Kaiserlich-K6nigliche Zoologisch-Botanische Gesellschaft. 
Washington (D.C.).—Academy of Sciences. 
Biological Society. 
Wellington (N.Z.).—New Zealand Institute. 
Wiesbaden.—Nassauischer Verein fiir Naturkunde. 
York.—Yorkshire Philosophical Society. 


III. Personat Donors. 


Allen, H. A. Bellamy, C. V. Brun, A. 
Anderson, W. Black, C. H. Buxtorf, A. 
Arber, E. A. N. | Blake, W. P. 

Arnold-Bemrose, H. H. Blanford, Mrs. Carez, L. 


Cayeux, L. 
Chapman, F, 
Choffat, P. 
Clements, H. 


Arsandaux, H. | Bonney, T. G. 


Attwood, G. Borredon, C. G. 


Braine, C. D. H. 


| 
Ameghino, F. Biddell, E. Bullen, Rev. R. A. 
Bauerman, H. | Brough, B. H. 
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Cole, G. A. J. 


Coomaraswamy, A, K. 


Cooper, E. W. 
Corstorphine, G. S.' 
Crick, G. C. 
Cumings, E. R. 


Daly, R. A. 
Davison, C. 
Delgado, J. F. N, 
Dewalque, G. 
Dollfus, G. F. 
Duncan, C. C. 
Dunstan, W. R. 
Dupare, L. 


Ellis, T. S. 
Evans, J. W. 


Fawns, S. 
Fisher, Rev. O. 
Fliche, P. 
Ford, W. E. 
Fournier, E. 
Fox, H. 
Fritsch, A. 


Gaudry, A. 
Gavelin, A. 
Geikie, Sir Archibald. 
Geinitz, HE. 
Gentil, L. 
Gibson, W. 
Gilbert, G. K. 
Gosselet, J. 
Greenly, E. 
Greenwell, A. 
Grenander, S. 
Gulik, A. von. 
Gulliver, F. P. 
Guppy, R. J. L. 
Gustafsson, J. P. 


Halberstadt, B. 
Harbord, F. W. 
Hart, T. S. H. 
Hatch, I. H. 
Hayden, H. H. 
Headdon, W. P. 
Heigel, K. T. von. 
Heim, A. 

Hill, H. 
Hofman-Bang, O. 
Hégbom, A. G. 
Holland, P. 
Hopkinson, J. 
Horwood, C. B. 
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Hoskolad, C. L. 
Hovey, E. O. 
Hundeshagen, L. 


Iddings, J. P. 
Issel, A. 


Jensen, A.S. 
Jones, T. R. 
Judd, J. W. 
Jukes-Browne, A. J. 


Kemmerer, P. 
Kayser, E. 
Keyes, C. R. 
Koenen, A. von. 


Lacroix, A. 
Lambe, L. M. 
Lapparent, A. de. 
Lapworth, C. 
Launay, L. de. 
Lebour, G. A. 
Leith, C. K. 
Lemoine, P. 
Lindley, W. H. 
Lobley, J. L. 


Leewinson-Lessing, F. 


Lomas, J. 
Loénberg, B. 
Lorenzo, G. de. 
Loriol, P. de. 
Louderback, G. D. 
Lucas, A. 


MacAlister, D, A. 
McKay, A. 
Maclaren, J. M. 
Margerie, E. de. 
Marr, J. E. 
Martel, E. A. 
Mellor, E. I. 
Mojsisovics, E. von. 
Molyneux, A. J.C. 
Monckton, H. W. 
Mrazec, L. 

Muret, E. 


Nares, Sir George S. 
Nathorst, A. G. 
Newton, F. T. 
Newton, R. B. 
Nicita, F: 
Nordenskjéld, I. 
Nordenskjéld, O. 


Xi 


Pachandaki, D. E. 
Park, J: 

Pearce, F. 
Penfield, S, L. 
Pringsheim, A. 
Purington, C. W. 


Rabozée, H. 
Rahir, E. 
Rastall, G. M. 
Reade, T. M. 
Reid, ©, 
Robarts, N. F, 
Rogers, A. W. 
Rosenbusch, H. 


Sacco, F. 

Salter, A. E. 
Sauvage, H. E. 
Sawyer, A. R. 
Schardt, H. 
Schlumberger, C. 
Schmidt, C. 
Schwarz, E. H. L. 
Scrivenor, J. B. 
Sheppard, T. 
Sollas, W. J. 
Spencer, J. W. 
Steinmann, G. 


Tassin, W. 
Termier, P. 
Thomas, H. H. 
Thompson, B. 
Thomson, J. 
Thoreddsen, T. 
Thugutt, St. J. 
Tobler, A. 
Traquair, R. H. 
Twelvetrees, W. H. 


Vaughan, T. W. 
Vesterberg, A. 


Walker, J. F. 
Wardle, Sir Thomas. 
Wetherell, E. W. 
Whitaker, W. 
Wilckens, O. 

Wiman, C. 
Woodward, Henry. 
Woodward, Horace B. 


Yeates, W. S. 
Zeiller, R. 
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CoMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT THE 
Crosm or tun YEARS 1904 anv 1905. 


Dee. 31st, 1904. Dee. 31st, 1905. 
Compounders'; <3: .66 ons. 2S Ly 0 tates 280 
Contributing Fellows...... 934) “ise 926 
Non-Contributing Fellows. . BO pe Wiens yn 33 
1251 1239 
Foreign Members ........ 20 ele BRR TEL 40 
Foreign Correspondents... . Al) 9» Niaeee 38 
1331 1317 


Comparative Statement, explanatory of the Alterations in the Number 
of Fellows, Foreign Members, and Foreign Correspondents at the 
close of the years 1904 and 1908. 


Number of Compounders, Contributing and Non- 1251 
Contributing Fellows, December 31st, 1904 .. 


Add Fellows elected during the former year and 13 
paidiim 1905) To a... cosas Nem Reena ee ees } 
Add Fellows elected and paid in 1905 ........ 36 
1300 
Deduct Compounders deceased................ 5) 
Contributing Fellows deceased .......... 18 
Non-Contributing Fellows deceased ...... 3 
Contributing Fellows resigned .......... 19 
Contributing Fellows removed .......... 16 
— 61 
1239 
Number of Foreign Members and Foreign Cor- 80 
respondents, December 31st, 1904 .......... } 
Deduct Foreign Members deceased ........ 2 
Foreign Correspondent deceased.... 1 
Foreign Correspondents elected 
Foreign Members) ..........- } g 
— 5 
75 
Add Foreign Members elected .......... 2 
Foreign Correspondent elected...... 1 
ate 2 
— 7 
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Decuasep FEtiows. 
Compounders (5). 


Blanford, Dr. W. T. | Kirkpatrick, J. 
Durham, J. Slade, J. 
Hutton, Capt. F. W. 


Resident and other Contributing Fellows (18). 


Anderson, J. Jones, D. W. 
Bompas, G. C. Knightley, T. E. 
Booth, I. Mansergh, J. 
Clague, D. Shore, T. W. 
Forster, T. C. Sloper, E. 
Fotherby, Dr. H. I. | Streich, V. 
Gaskell, F. | Tonge, J. 
Horsley, C. Twite, C. 
Johnson, J. C. F. Woodall, J. W. 


Non-contributing Fellows (3). 


Farrar, Rev. A. 8. Phear, Sir John B. 
Medlicott, H. B. 


Drckasep Forrten MEMBERS (2). 


Dewalque, Prof. G. | Richthofen, Baron F. von. 


DrcraseD Forrtan CorresPONDENT (1). 
Raulin, Prof. V. 


Fetitows ResieéNnep (19). 


Cadell, H. M. | Rutland, J. 
Charlton, G. Smith, J. T. 


Crompton, A. Stephens, F. B. 
Gard, W. G.S. | Sykes, B. 

Gibbes, Dr. C. C. Taylor, J. 
Hutchinson, W. Vicears, T. 

Hyslop, Rev. J. _ Warren, Sir Charles. 
Montefiore-Brice, A. | Williams, Rey. H. A. 
Murdoch, T. | Winstone, B. 


Parsons, C. E. | 
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Fetiows Removep (16). 


Aird, R. Kendall, J. D. 
Birks, L. Negus, J. 

Brogden, J. Neetling, F. 

Cairnes, E. M. Rickard, F. 
Franchy, A. Scott, J. 

George, T. J. Sheppard, Rev. J. E. 
Hawkins, C. Small, J. W. 
Howarth, O. H. Wilson, A. P. 


The following Personages were elected Foreign Members during the 
year 1905 :— 


Prof. Louis Dollo, of Brussels. 
Prof. August Rothpletz, of Munich. 


The following Personage was elected a Foreign Correspondent during 
the year 1905 :— 


Prof. Bundjiré K6td, of Tokyo. 


After the Reports had been read, it was resolved :— 
That they be received and entered on the Minutes of the Meeting, 


and that such parts of them as the Council shall think fit be printed 
and circulated among the Fellows. 


It was afterwards resolved :— 


That the thanks of the Society be given to Dr. J. E. Marr, 
retiring from the office of President. 
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That the thanks of the Society be given to Prof. T. G. Bonney, 
Prof. Charles Lapworth, and Mr. Horace B. Woodward, retiring 
from the office of Vice-President. 


That the thanks of the Society be given to Dr. F. A. Bather, 
Prof. J. W. Judd, Prof. P. F. Kendall, Prof. C, Lapworth, and 
Prof. H. A. Miers, retiring from the Council. 


After the Balloting-Glasses had been closed, and the Lists examined 
by the Scrutineers, the following gentlemen were declared to 
have been duly elected as the Officers and Council for the ensuing 
yoar :— 


XLV, PROCEEDINGS OF THE 


OFFICERS AND 


GEOLOGICAL sociETy. [May 1906, 


COUNCIL.—1906. 


PRESIDENT. 
Sir Archibald Geikie, Se.D., D.C.L., LL.D., See.R.S. 


VICE-PRESIDENTS. 


Robert 8. Herries, M.A. 
J. E. Marr, Sc.D., F.R.S. 


Aubrey Strahan, M 
J.J. H. Teall, M.A 


EER Se 
ADiSe, BuRAS: 


SECRETARIES. 


Prof. W. W. Watts, M.A., 
Prof. E. J. Garwood, M.A. 


M.Sc., F.R.S. 


FOREIGN SECRETARY. 
Sir John Evans, K.C.B., D.C.L., LL.D., F.R.S., F.L.S. 


TREAS 


URER, 


Horace W. Monckton, Treas. L.S. 


COUNCIL. 


H. H. Arnold-Bemrose, J.P., M.A. 

Prof. T. G. Bonney, Se.D., LL.D., 
F.R-.S;, 2.8.4. 

Sir John Evans, K.C.B., D.C.L..| 
LLD., F.RS, FES: 

Prof. E. J. Garwood, M.A. 

Sir Archibald Geikie, Sc.D., D.C.L., 
LL.D., Sec.R.S. 

Robert $. Herries, M.A. 

F. L. Kitchin, M.A., Ph.D. 

Philip Lake, M.A. 

G. W. Lamplugh, F.R.S. 

Richard Lydekker, B.A., F.R.S. 

Bedford McNeill, Assoc. R.S.M. 


| Je E. Marr, Se.D., F.R.S. 


Horace W. Monckton, Treas. L.S. 

| Frederick W. Rudler, 1.8.0. 

' Leonard J. Spencer, M.A. 

| Aubrey Strahan, M.A., F.R.S. 

Charles Fox Strangways. 

J.J. H. Teall, M.A., D.Se., F.B.S. 

Richard H. Tiddeman, M.A. 

Prof..W. W. Watts, M.A., M.Se. 
F.R.S. 

The Rev. H. H. Winwood, M.A. 

A. Smith Woodward, LL.D., F.R.S. 

Horace B. Woodward, F.R.S. 
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LIST OF 


THE FOREIGN MEMBERS 


XXV 


OF THE GEOLOGICAL SOCIETY OF LONDON, rn 1905. 


Date of 

Election. 

1874, Prof. Albert Jean Gaudry, Paris. 

1877. Prof. Eduard Suess, Vienna. 

1880. Prof. Gustave Dewalque, Liége. (Deceased.) 

1880. Geheimrath Prof. Ferdinand Zirkel, Leipzig. 

1884. Commendatore Prof. Giovanni Capellini, Belogna. 
1885. Prof. Jules Gosselet, Lille. 

1886. Prof. Gustav Tschermak, Vienna. 

1888. Prof. Eugéne Renevier, Lausanne. 

1888. Baron Ferdinand von Richthofen, Berlin. (Deceased.) 
1890. Geheimrath Prof. Heinrich Rosenbusch, Heidelberg. 
1891. Prof, Charles Barrois, Zile. 

1893. Prof. Waldemar Christofer Broegger, Christiania. 
1893. M. Auguste Michel-Lévy, Paris. 

1893. Dr. Edmund Mojsisovics von Mojsvar, Vienna. 

1893. Prof. Alfred Gabriel Nathorst, Stockholm. 

1894. Prof. George J. Brush, New Haven, Conn. (U.S.A). 
1894. Prof. Edward Salisbury Dana, Wee Haven, Conn. (U.S.A.). 
1895. Prof. Grove Karl Gilbert, Washington, D.C. (U.S.A.). 
1895. Dr. Friedrich Schmidt, St. Petersburg. 

1896. Prof, Albert Heim, Ziirich. 

1897. M. Edouard Dupont, Brussels. 

1897. Dr. Anton Fritsch, Prague. 

1897. Prof. Albert de Lapparent, Pars. 

1897. Dr. Hans Reusch, Christiania. 

1898. Geheimrath Prof. Hermann Oredner, Lezpzig. 

1898. Mr. Charles Doolittle Walcott, Washington, D.C. (U.S.A.). 
1899. Prof. Marcel Bertrand, Paris. 

1899. Senhor Joaquim Felipe Nery Delgado, Lisbon. 

1899. Prof. Emmanuel Kayser, Marburg. 

1899. M. Ermest Van den Broeck, Brussels. 

1899. Dr. Charles Abiathar White, Washington, D.C. (U.S.A.). 
1900. M. Gustave F. Dollfus, Pars. 

1900. Prof. Paul Groth, Munich. 

1900. Dr. Sven Leonhard Teernquist, Lund. 

1901. M. Alexander Petrovich Karpinsky, St. Petersburg. 
1901. Prof. Alfred Lacroix, Paris. 

1903. Prof, Albrecht Penck, Berlin. 

1903. Prof. Anton Koch, Budapest. 

1904. Prof. Joseph Paxson Iddings, Chicago (U.S.A.). 

1904, Prof. Henry Fairfield Osborn, New York (U.S.A.). 
1905. Prof. Louis Dollo, Brussels. 

1905. Prof. August Rothpletz, Munich. 
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OF 


Date of 
Election. 


1866. 
1874. 
1879. 
1889. 
1890. 
1892. 
1893. 
1893. 
1894, 
1894. 
1894. 
1894. 
1895. 
1896. 
1896. 
1897. 
1897. 
1897. 
1898. 
1898. 
1899. 
1899. 
1899. 
1899. 
1899. 
1899. 
1900. 
1900. 
1900. 
1901. 
1902. 
1902. 
1902. 
1908. 
1903. 
1904. 
1904. 
1904. 
1904. 
1904. 
1905. 
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LIST OF 
THE FOREIGN CORRESPONDENTS 
THE GEOLOGICAL SOCIETY OF LONDON, rn 1905. 


Prof. Victor Raulin, Montfaucon d’ Argonne. (Deceased.) 
Prof. Igino Cocchi, Florence. 

Dr. Emile Sauvage, Boulogne-sur-Mer. 

Dr. Rogier Diederik Marius Verbeek, The Hague. 
Geheimer Bergrath Prof. Adolph von Kceenen, Géttingen. 
Prof. Johann Lehmann, Jel. 

Prof. Aléxis P. Pavlow, Moscow. 

M. Ed. Rigaux, Boulogne-sur-Mer. 

M. Perceval de Loriol-Lefort, Campagne Frontenex, near Geneva. 
Dr. Francisco P. Moreno, La Plata. 

Prof. August Rothpletz, Munch. (lected Foreign Member.) 
Prof. J. H. L. Vogt, Christiania. 

Prof. Constantin de Kroustchoff, St. Petersburg. 

Prof. Samuel L. Penfield, New Haven, Conn. (U.S.A.). 
Prof. Johannes Walther, Jena. 

Dr. Louis Dollo, Brussels. (Elected Foreign Member.) 
M. Emmanuel de Margerie, Paris. 

Prof. Count H. zu Solms-Laubach, Strasburg. 

Dr. Marcellin Boule, Pars. 

Dr. W. H. Dall, Washington, D.C. (U.S.A.). 

Dr. Gerhard Holm, Stockholm. 

Prof. Theodor Liebisch, Gottingen. 

Prof, Franz Lcoewinson-Lessing, St. Petersburg. 

M. Michel F. Mourlon, Brussels. 

Prof. Gregorio Stefanescu, Bucharest. 

Prof. René Zeiller, Paris. 

Commendatore Prof. Arturo Issel, Genoa. 

Prof. Ernst Koken, Tiibingen. 

Prof. Federico Sacco, Turin. 

Prof. Friedrich Johann Becke, Vienna. 

Prof. Thomas Chrowder Chamberlin, Chicago, Til. (U.S.A.). 
Dr. Thorvaldr Thoroddsen, Copenhagen. 

Prof. Samuel Wendell Williston, Chicago, Ill. (U.S.A.). 
Geheimer Bergrath Prof. Carl Klein, Berlin. 

Dr. Emil Ernst August Tietze, Vienna. 

Dr. William Bullock Clark, Baltimore (U.S.A.). 

Dr. Erich Dagobert von Drygalski, Charlottenburg. 

Prof. Giuseppe de Lorenzo, Naples. 

The Hon. Frank Springer, Burlington, Iowa (U.S.A.). 
Dr. Henry 8. Washington, Locust, N.J. (U.S.A.). 

Prof. Bundjird K6té6, Tokyo. 
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AWARDS OF THE WOLLASTON MEDAL 


UNDER THE CONDITIONS OF THE ‘DONATION FUND’ 
ESTABLISHED BY 


WILLIAM HYDE WOLLASTON, M.D., F.B.S., F.GS., ure. 


To promote researches concerning the mineral structure of the Earth, and to 
enable the Council of the Geological Society to reward those individuals of any 
country by whom such researches may hereafter be made,’—‘ such individual not 
being a Member of the Council.’ 


1831. 
1835. 
1836, 


1837. 


1838. 
1839. 
1840. 
1841. 
1842, 


1843. 


1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 


1853. 


1854. 
1855. 
1856. 
1857. 


1858. 


1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 


Mr. William Smith. 1870. Prof. G. P. Deshayes. 
Dr. G. A. Mantell. 1871. Sir Andrew Ramsay. 
M. Louis Agassiz. 1872, Prof. James D. Dana. 
ace T. P. Cautley. 1873. Sir P. de M. Grey Egerton. 

Dr. H. Falconer. 1874. Prof. Oswald Heer. 

Sir Richard Owen. 1875. Prof. L. G. de Koninck. 
Prof. C. G. Ehrenberg. 1876, Prof. Thomas H. Huxley. 
Prof. A. H. Dumont. 1877. Mr. Robert Mallet. 

M. Adolphe T. Brongniart. 1878. Dr, Thomas Wright. 
Baron Leopold von Buch. 1879. Prof. Bernhard Studer. 

M. Elie de Beaumont. 1880. Prof. Auguste Daubrée. 
ee P. A. Dufrénoy. 1881. Prof. P. Martin Duncan. 
The Rev. W. D. Conybeare. | 1882. Dr. Franz Ritter von Hauer. 
Prof. John Phillips. 1883. Dr. William Thomas 
Mr. William Lonsdale. Blanford. 

Dr. Ami Boué. 1884. Prof. Albert Jean Gaudry. 
The Very Rev. W. Buckland. | 1885. Mr. George Busk. 

Sir Joseph Prestwich. 1886. Prof. A. L.0, Des Cloizeaux. 
Mr. William Hopkins. 1887. Mr. John Whitaker Hulke. 
The Rey. Prof. A. Sedgwick. | 1888. Mr. Henry B, Medlicott. 
Dr. W. H. Fitton. 1889. Prof.Thomas George Bonney. 

M. le Vicomte A. d’Archiac. | 1890. Prof. W.C. Williamson. 

M. E. de Verneuil. 1891. Prof. John Wesley Judd. 

Sir Richard Griffith. 1892. Baron Ferdinand von 

Sir Henry De la Beche. Richthofen. 

Sir William Logan. 1893. Prof. Nevil Story Maskelyne. 

M. Joachim Barrande. 1894. Prof. Karl Alfred von Zittel. 
Herr Hermann yon Meyer. | 1895. Sir Archibald Geikie. 

Prof. James Hall. ; 1896. Prof. Eduard Suess. 

Mr. Charles Darwin. 1897. Mr. Wilfrid H. Hudleston. 

Mr. Searles V. Wood. 1898. Prof. Ferdinand Zirkel. 

Prof. Dr. H. G. Bronn. 1899. Prof. Charles Lapworth. 

Mr. R. A. G. Godwin-Austen, | 1900. Prof. Grove Karl Gilbert. 

Prof. Gustav Bischof. 1901. Prof. Charles Barrois. 

Sir Roderick Murchison. 1902. Dr. Friedrich Schmidt, 

Dr. Thomas Davidson. 1903. Prof. Heinrich Rosenbusch. 

Sir Charles Lyell. 1904. Prof. Albert Heim. 

Mr. G. Poulett Scrope. 1905. Dr. J. J. Harris Teall. 

Prof, Carl F. Naumann. 1906, Dr. Henry Woodward. 

Dr. Henry C. Sorby. 
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OF THE 
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BALANCE OF THE PROCEEDS OF THE WOLLASTON 
“DONATION-FUND.’ 


1831. 
1833. 
1834. 
1835. 
1836. 
1838. 
1839. 
1840, 
1841. 
1842, 
1843, 
1844, 
1845. 
1846, 
1847. 


1848. 


1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856, 
1857. 
1858. 
1859, 


1860. 


1861, 
1862. 
1863. 
1864. 
1865, 
1866, 
1867. 
1868. 
1869, 


My. William Smith. 
Mr, William Lonsdale. 
M. Louis Agassiz. 

Dr. G. A. Mantell. 
Prof. G. P. Deshayes. 
Sir Richard Owen. 
Prof. C. G. Ehrenberg. 
Mr. J. De Carle Sowerby. 
Prof. Edward Forbes. 
Prof. John Morris. 
Prof. John Morris. 

Mr. William Lonsdale. 
Mr. Geddes Bain. 

Mr. William Lonsdale. 
M. Alcide d’Orbigny. 


} Cape-of-Good-Hope Fossils. | 


M. Alcide d’Orbigny. 
Mr. William Lonsdale. 
Prof. John Morris. 

M. Joachim Barrande. 
Prof. John Morris. 

Prof. L. G. de Koninek. 
Dr. Samuel P. Woodward. 
Drs. G. and F’, Sandberger. 
Prof. G. P. Deshayes. 

Dr. Samuel P. Woodward. 
Prof. James Hall. 

Mr. Charles Peach. 

Prof. T. Rupert Jones. 

Mr. W. K. Parker. 

Prof. Auguste Daubrée. 
Prof. Oswald Heer. 
Prof. Ferdinand Senft. 
Prof. G. P. Deshayes. 
Mr. J. W. Salter. 

Dr. Henry Woodward. 
Mr. W. H. Baily. 

M. J. Bosquet. 

My. William Carruthers, 


| 
| 


| 1870. 
1871. 
| 1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
| 1881. 
| 1882. 
1883. 
1884. 
| 1885. 
1886, 
1887. 
1888, 
1889. 
1890. 
1891. 
| 1892. 
1893. 
1894. 
| 1895. 

1896. 
1897. 
1898. 
1899. 
1900, 
1901. 
1902. 
| 1908. 
| 1904. 
1905. 
1906. 


M. Marie Rounault. 

Mr. Robert Etheridge. 

Dr. James Croll. 

Prof. John Wesley Judd. 
Dr. Henri Nyst. 

Prof. L. C. Miall. 

Prof. Giuseppe Seguenza. 
Mr. Robert Etheridge, Jun. 
Prof. William Johnson Sollas. 
Mr. Samuel Allport. 

Mr. Thomas Davies. 

Dr. Ramsay Heatley Traquair, 
Dr. George Jennings Hinde. 
Prof. John Milne. 

Mr. Edwin Tulley Newton. 
Dr. Charles Callaway. 

Mr. J. Starkie Gardner, 

Dr. Benjamin Neeve Peach. 
Dr. John Horne. 

Dr. Arthur Smith Woodward. 
Mr. William A. E. Ussher. 
Mr. Richard Lydekker. 

Mr. Orville Adelbert Derby. 
Mr. John George Goodchild. 
Mr, Aubrey Strahan. 

Prof. William W. Watts. 
Mr. Alfred Harker. 

Dr. Francis Arthur Bather. 
Prof. Edmund J. Garwood. 
Prof. John B. Harrison. 

Dr. George Thurland Prior. 
Mr. Arthur Walton Rowe. 
Mr. Leonard James Spencer. 
Mr. L. L. Belinfante. 

Miss Ethel M. R. Wood. 
Mr. H. H. Arnold-Bemrose. 
Dr. F. L. Kitehin, 
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AWARDS OF THE MURCHISON MEDAL 


UNDER THE CONDITIONS OF THE 


‘MURCHISON GEOLOGICAL FUND,’ 


ESTABLISHED UNDER THE WILL OF THE LATE 


SIR RODERICK IMPEY MURCHISON, Barr., F.R.S., F.G.S. 


To be applied in every consecutive year, in such manner as the Council of the 
Society may deem most useful in advancing Geological Science, whether by 
granting sums of money to travellers in pursuit of knowledge, to authors of 
memoirs, or to persons actually employed in any enquiries bearing upon the 
science of Geology, or in rewarding any such travellers, authors, or other persons, 
and the Medal to be given to some person to whom such Council shall grant 
any sum of money or recompense in respect of Geological Science.’ 


1878 
1874 
1875 


1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889, 
1890. 


. Mr. William Davies. 

. Dr. J. J. Bigsby. 

. Mr. W. J. Henwood. 

Mr. Alfred R. C. Selwyn. 
The Rev. W. B. Clarke. 


Sir Frederick M‘Coy. 
Mr. Robert Etheridge. 
Sir Archibald Geilkie. 
Prof. Jules Gosselet. 
Prof. H. R. Goeppert. 
Dr. Henry Woodward. 


Mr. William Whitaker. 
The Rey. Peter B. Brodie. 
Prof. J. S. Newberry. 
Prof. James Geilsie. 

Prof. Edward Hull. 


Prof. Hanns Bruno Geinitz. 


Dr, Ferdinand von Roemer. 


1891. 
1892. 
1893. 
1894, 
1895. 
1896. 
1897. 
1898, 


1899. 


1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 


Prof. Waldemar C. Breegger. 

Prof. A. H. Green. 

The Rev. Osmond Fisher. 

Mr, William T, Aveline. 

Prof. Gustaf Lindstroem. 

Mr. T. Mellard Reade. 

Mr. Horace B. Woodward. 

Mr. Thomas F. Jamieson. 
Dr. Benjamin N, Peach. 

on John Horne. 

Baron A. E. Nordenskiceld. 

Mr, A. J. Jukes-Browne. 

Mr. Frederic W. Harmer. 
Dr. Charles Callaway. 

Prof. George A. Lebour. 

Mr. Edward John Dunn. 

Mr. Charles T. Clough. 
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AWARDS 


OF THE 


BALANCE OF THE PROCEEDS OF THE 
‘MURCHISON GEOLOGICAL FUND,’ 


1873. Prof. Oswald Heer. 1890. Mr. Edward B. Wethered. 
1874, Mr. Alfred Bell. | 1891. The Rey. Richard Baron. 
1874, Prof. Ralph Tate. 1892. Mr. Beeby Thompson. 
1875. Prof. H. Govier Seeley. 1893. Mr. Griffith J. Williams. 
1876. Dr. James Croll. 1894. Mr. George Barrow. 

1877. The Rev. John F. Blake. 1895. My. Albert Charles Seward. 
1878. Prof. Charles Lapworth. 1896. Mr. Philip Lake. 

1879, Mr. James Walker Kirkby. | 1897. Mr. Sydney S. Buckman. 
1880. Mr. Robert Etheridge. 1898. Miss Jane Donald. 

1881. Mr. Frank Rutley. 1899. Mr. James Bennie. 

1882. Prof. Thomas Rupert Jones. | 1900. Mr. A. Vaughan Jennings, 
1883. Dr. John Young. 1901. Mr. Thomas S. Hall. 

1884, Mr. Martin Simpson. 1902. Mr. Thomas H. Holland. 
1885. Mr. Horace B. Woodward. 19038. Mrs. Elizabeth Gray. 

1886, Mr. Clement Reid. 1904. Dr. Arthur Hutchinson. 
1887. Mr. Robert Kidston, 1905. Mr. Herbert Lister Bowman. 
1888. Mr. Edward Wilson. 1906. Mr. Herbert Lapworth. 


1889. Prof. Grenville A. J. Cole. 


AWARDS OF THE PROCEEDS 
OF THE 
‘DANIEL-PIDGEON FUND,’ 
FOUNDED BY MRS. PIDGEON, IN ACCORDANCE WITH THE 


WILL OF THE LATE 


DANIEL PIDGEON, F.G.s. 


‘An annual grant derivable from the interest on the Fund, to be used at the 
discretion of the Council, in whatever way may in their opinion best promote 
Geological Original Research, their Grantees being in all cases not more than 
twenty-eight years of age.’ 


1903. Prof. Ernest Willington Skeats. 
1904. Mr. Linsdall Richardson, 
1905. Mr. Thomas Vipond Barker. 
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AWARDS OF THE LYELL MEDAL 
UNDER THE CONDITIONS OF THE 


‘LYELL GEOLOGICAL FUND,’ 


ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 


SIR CHARLES LYELL, Barr., F.R.S., F.G.S. 


The Medal ‘to be cast in bronze and to be given annually’ (or from time to time) 


“as a mark of honorary distinction and as an expression on the part of the 
governing body of the Society that the Medallist (who may be of any country 
or either sex) has deserved well of the Science,’—‘ not less than one third of the 
annual interest [of the fund] to accompany the Medal, the remaining interest 
to be given in one or more portions, at the discretion of the Council, for the 
encouragement of Geology or of any of the allied sciences by which they shall 
consider Geology to have been most materially advanced, either for travelling 
expenses or for a memoir or paper published, or-in progress, and without 
reference to the sex or nationality of the author, or the language in which any 
such memoir or paper may be written.’ 

There is a further provision for suspending the award for one year, and in 
such case for the awarding of a Medal to ‘ each of two persons who have been 
jointly engaged in the same exploration in the same country, or perhaps on 
allied subjects in different countries, the proportion of interest always not being 


less to each Medal than one third of the annual interest.’ 


1876, Prof. John Morris. | 1892. Mr. George H. Morton. 
1877. Sir James Hector. 1893. Mr. Edwin Tulley Newton. 
1878. Mr. George Busk. 1894. Prof. John Milne. 

1879. Prof. Edmond Hébert. 1895. The Rev. John F. Blake. 
1880. Sir John Evans. 1896. Dr. Arthur Smith Woodward. 
1881. Sir J. William Dawson. 1897. Dr. George Jennings Hinde. 
1882. Dr. J. Lycett. 1898. Prof. Wilhelm Waagen. 
1883. Dr. W. B. Carpenter. 1899. Lt.-Gen. C. A. McMahon. 
1884. Dr. Joseph Leidy. 1900. Dr. John Edward Marr. 
1885. Prof. H. Govier Seeley. 1901. Dr. Ramsay Heatley Traquair. 
1886. Mr. William Pengelly. 1909, { Prof. Anton Fritsch. 

1887. Mr. Samuel Allport. ~ (Mr. Richard Lydekker. 
1888. Prof. Henry A. Nicholson. 1903. Mr. Frederick William Rudler. 
1889. Prof. W. Boyd Dawkins. 1904. Prof. Alfred Gabriel Nathorst. 
1890. Prof. Thomas Rupert Jones. | 1905. Dr. Hans Reusch. 

1891. Prof. T. McKenny Hughes. 1906, Prof. Frank Dawson Adams. 
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AWARDS 
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‘LYELL GEOLOGICAL FUND’ 


1876. Prof. John Morris. 1898. Mr. Alfred N. Leeds. 

1877. Mr. William Pengelly. | 1894. Mr. William Hill. 

1878. Prof. Wilhelm Waagen. | 1895. Prof. Percy Fry Kendall. 
1879. Prof. Henry A. Nicholson. | 1895. Mr. Benjamin Harrison. 
1879. Dr. Henry Woodward. | 1896. Dr. William F. Hume. 
1880. Prof, F. A. von Quenstedt, | 1896. Dr. Charles W. Andrews. 
1881. Prof. Anton Fritsch. 1897. Mr. W. J. Lewis Abbott. 
1881. Mr. G. R. Vine. | 1897. Mr. Joseph Lomas. 

1882. The Rey. Norman Glass. | 1898. Mr. William H. Shrubsole. 
1882. Prof. Charles Lapworth. | 1898. Mr. Henry Woods. 

1883. Mr. P. H. Carpenter. | 1899. Mr. Frederick Chapman. 
1883. M. Kd. Rigaux. | 1899. Mr. John Ward. 

1884. Prof. Charles Lapworth. | 1900. Miss Gertrude L. Elles. 
1885. Mr. Alfred J. Jukes-Browne. | 1901. Dr. John William Evans. 
1886. Mr. David Mackintosh. 1901. Mr. Alexander McHenry. 
1887. The Rev. Osmond Fisher. 1902. Dr. Wheelton Hind. 

1888. Dr. Arthur H. Foord. 1903. Mr. Sydney S. Buckman. 
1888. Mr. Thomas Roberts. 1903. Mr. George Edward Dibley. 
1889. M. Louis Dollo. 1904. Dr. Charles Alfred Matley. 
1890. Mr.Charles Davies Sherborn. | 1904. Prof.Sidney Hugh Reynolds. 
1891. Dr. C. I. Forsyth Major. 1905. Mr. EH. A. Newell Arber. 


1891. Mr. George W. Lamplugh. | 1905. Mr. Walcot Gibson. 

1892. Prof. John Walter Gregory. | 1906. Mr. William G. Fearnsides. 
1892. Mr. Edwin A. Walford. 1906. Mr. Richard H. Solly. 
1893. Miss Catherine A. Raisin. 


AWARD OF THE PRESTWICH MEDAL, 
ESTABLISHED UNDER THE WILL OF THE LATE 


SIR. JOSEPH PRESTWICH, FE.R.S., F.G.S. 


‘To apply the accumulated annual proceeds ... at the end of every three years, in 
providing a Gold Medal of the value of Twenty Pounds, which, with the 
remainder of the proceeds, is to be awarded ...to the person or persons, either 
male or female, and either resident in England or abroad, who shall have done well 
for the advancement of the science of Geology ; or, from time to time to accumulate 
the annual proceeds for a period not exceeding six years, and apply the said 
accumulated annual proceeds to some object of special research bearing on 
Stratigraphical or Physical Geology, to be carried out by one single individual or — 
by a Committee; or, failing these objects, to accumulate the annual proceeds for 
either three or six years, and devote such proceeds to such special purposes as 
may be decided.’ 


1908. John Lubbock, Baron Avebury. 
1906. Mr, William Whitaker. 
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AWARDS OF THE BIGSBY MEDAL, 


FOUNDED BY THE LATE 


Dr. J. J. BIGSBY, F.BS., F.GS. 


To be awarded biennially ‘as an acknowledgment of eminent services in any depart- 
ment of Geology, irrespective of the receiver’s country; but he must not be 
older than 45 years at his last birthday, thus probably not too old for further 
work, and not too young to have done much,’ 


1877. Prof. Othniel Charles Marsh. | 1893. Prof. William Johnson Sollas, 
1879. Prof, Edward Drinker Cope. | 1895. Mr. Charles D. Walcott. 
1881. Prof. Charles Barrois. 1897. Mr. Clement Reid. 

1883. Dr. Henry Hicks. 1899. Prof. T, W. EH. David. 
1885, Prof. Alphonse Renard. 1901. Mr. George W. Lamplugh. 
1887. Prof. Charles Lapworth. 1903. Dr. Henry M. Ami. 

1889. Dr. J. J. Harris Teall. 1905. Prof. John Walter Gregory. 


1891. Dr. George Mercer Dawson. 


AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND 
ESTABLISHED UNDER THE WILL OF THE LATE 


Dr. H. C. BARLOW, E.G. 


‘The perpetual interest to be applied every two or three years, as may be approved by 
the Council, to or for the advancement of Geological Science.’ 


1879. Purchase of Microscope. | 1893. Purchase of Scientific In- 
1881. Purchase of Microscope - struments for Capt. F. FP. 
Lamps. | Younghusband, 


1894, Dr. Charles Davison. 
1896. Mr. Joseph Wright. 
1896. Mr. John Storrie. 


1882, Baron C. von Ettingshausen. 
1884, Dr. James Croll. 


1884, Prof. Leo Lesquereux. 1898, Mr. Edward Greenly. 

1886. Dr. H. J. Johnston-Lavis. 1900. Mr. George C. Crick. 

1888. Museum. | 1900. Prof. Theodore T. Groom. 
1890. Mr. W. Jerome Harrison. 1902. Mx. William M. Hutchings. 


1892. Prof. Charles Mayer-Hymar. | 1904. Mr. Hugh J. Ll. Beadnell. 
1906. Mr. Henry C. Beasley. 
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INCOME EXPECTED. 


Compositions. cscs seni sone cir sive ata ater 
Due for Arrears of Admission-Fees .......... 


Admission-eesiel OO Greve ec feeyant es steciets) tae 


Estimates for 


i) 
a 
S) 
sy 
of 


207 18 0 


———— 296 2 0 


Arrears of Annual Contributions 


60) 0) -9 8) 68.8 ele wie) 


Annual Contributions, 1906, from Resident and 
Non-Resident Iellows 


Piecemmreci tie yr cy Gti ecetrwO conscr 


Sale of Quarterly Journal, including Longmans’ 
Account 


© Sie we) 10 (m0! Oy) is elie: 6-6 lol of vile vellevetelajlc ete aieisie 


Sale of Transactions, General Index, Library- 
Catalogue, Museum-Catalogue, Hutton’s 
‘Theory of the Earth’ vol. iii, Hochstetter’s 
“New Zealand,’ and List of Fellows 


Dividends on £2500 India 3 per cent. Stock 


Dividends on £300 London, Brighton, & South 
Coast Railway 5 per cent. Consolidated Pre- 
ference-Stock 


Qe eee ees 


Silos Of 0,0: oer 'e 10, Oye) enele! ie) 6\/0:10 16. (06.0 le le jere 


Dividends on £2250 London & North-Western 
Railway 4 per cent. Preference-Stock 


Sale oe © 


Dividends on £2800 London & South-Western 
Railway 4 per cent. Preference-Stock 


eee eee 


Dividends on £2072 Midland Railway 2% per 
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Statement relating to the Society’s Property : 


December 31st, 1905. 


Balance in the Bankers’ hands, December 31st, 
1905 : 
Onj@urrentsAccoun tees eee ee ceaetee eee Patsy 13) (7 


Balance in the Clerk’s hands, December 3lst,1905 16 7 2 


Due from Messrs. Longmans & Co., on account 
of Quarterly Journal, Vol. LXI, ete. ......... ...... 


Ayrears of Admission=Heesy nm iio jy) ZL) 


Funded Property, at cost price :— 


£2500 India 3 per cent. Stock ............ 2623 6 0 


£300 London, Brighton, & South Coast Rail- 
way 5 per cent. Consolidated Preference- 


DLOCK ucts) sys socks: sha nganee a ern eens ota 502 15 3 
£2250 London & North-Western Railway 

4 per cent. Preference-Stock ............ 2898 10 6 
£2800 London & South-Western Railway 

4 per cent. Preference-Stock ............ 3607 7 6 
£2072 Midland Railway 22 per cent. Per- 

petual Preference-Stock .............0.. 1850 19 6 
£267 6s, 7d. Natal 3 per cent. Stock........ 250 0 0 


[N.B.—The above amount does not include the 
value of the Collections, Library, Furniture, 
and Stock of unsold Publications. | 


HORACE W. MONCKTON, Treasurer. 


January 25th, 1906. 
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AWARD OF THE WoLLaston MrpAt. 


In presenting the Wollaston Medal to Dr. Henry Woopwarp, 
F.R.S., the Prestpenr addressed him as follows :— 


Dr. Woopwarp,— 


The Wollaston Medal, the highest honour which it is in the 
power of the Society to bestow, has been unanimously awarded to 
you by the Council, in recognition of your researches concerning 
the mineral structure of the Earth, and particularly of your valuable 
contributions to the science of Paleontology, and more especially to 
our knowledge of the fossil Arthropoda. 

There are many reasons why your fellow-workers and friends 
should rejoice at this award. 

As Director of the Geological Department of the British Museum, 
your duties must have been heavy; but you have found time for an 
extraordinary amount of work, in addition to that necessitated by 
your official position. 

Many are the learned Societies which are indebted to you for 
counsel, Besides our own, I may mention the Zoological, Palson- 
tographical, Microscopical, and Malacological Societies, the Geolo- 
gists’ Association, and the Museums Association. Your labours on 
behalf of these Societies have heen recognized by your having been 
called upon to occupy the Presidential Chair of the greater number 
of them, 

The debt which geologists owe to you as Editor of the 
* Geological Magazine’ was admitted by Dr. Bonney, when, twenty 
years ago, on behalf of numerous subscribers he presented a 
testimonial to you in these Apartments. That debt is now more 
than doubled, for you have been Editor of the Magazine for over 
forty years, and during the greater part of that period its chief 
Editor. In addition to this we are deeply grateful to you, and 
especially to her who has ever interested herself in your labours, 
for the ‘ Index to the Geological Magazine’ which appeared last 
year. It is a happy circumstance that the bestowal of this Medal 
upon you occurs in a month which witnesses the publication of the 
500th number of that magazine. Long may the Magazine continue 
to flourish in the hands of its present Kditor. 

Dr. Bonney, on the occasion to which I have alluded, paid a just 
tribute to your great kindness to other workers, and especially 
to the encouragement that you have ever given to the young, 

VOL, LXII. d 
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I gratefully remember the time when I, as an undergraduate, entered 
with feelings of trepidation the rooms of the Geological Depart- 
ment of the British Museum, then at Bloomsbury; how I was at 
once put at ease by you; and the help which I received. My 
experience has been that of many, and all who have benefited by 
your kindness will feel pleasure in the award of this Medal to you. 

But, although the services which I have mentioned are reasons 
for rejoicing at the award, they are merely subsidiary reasons for 
the bestowal of the Medal. The recipients of the Wollaston Medal 
have always qualified for it by increasing our knowledge of the 
mineral structure of the Earth by their own researches. It is 
unnecessary to say that you also have done this. Your contri- 
butions to the study of the paleontology of the Invertebrates, 
and especially of the fossil Arthropoda, are known to all workers, 
and need no further comment on my part. 

I am glad that, during the years of my occupation of this 
Chair, the Wollaston Medal has been awarded to two British 
geologists, the one a distinguished petrologist, the other an eminent 
paleontologist. 


Dr. Woopwarp, in reply, said :— 


Mr, Presipent,— 


It is now forty years ago (on February 16th, 1866) that I received 
from the President, Mr. William John Hamilton (at Somerset House), 
the award of the Balance of the Wollaston Donation-Fund. I was 
then only a youth of 34 years of age, and little dreamed that I 
should be honoured by receiving at your hands to-day this Medal, 
the highest recognition that the Council can bestow. 

I feel justified, however, in attributing this great honour quite 
as much to the personal friendship of the Council, as to any merit 
of my own; but I am happy to find that this friendly disposition 
is also shared by a large body of the Fellows of the Society 
outside the Council, who have by letter and word of mouth 
expressed their kindly approval of the Council’s choice, 

I was elected a Fellow of this Society in 1864, and, from 1867 
until 1902, I have been (off and on) a Member of the Council 
(for a period of 35 years), and served also the office of President 
(1894-96), so that I naturally feel more deeply interested in the 
welfare of this Society than in any other, although I have been 


Vol. 62. ] ANNIVERSARY MEETING—-MURCHISON MEDAL. xiii 


for many years, and am still, intimately associated with several 
other scientific bodies of kindred pursuits to our own. 

You have alluded, Sir, in very favourable terms to my work, and 
I specially desire to thank you for your most kind reference to 
Mrs. Woodward’s assistance in it, during all the years which are 
past, when we have worked side by side; but it would be incredible 
if, having had the grand opportunities afforded to me during 
43 years in the British Museum, I had not winnowed out some 
store of good grain as a contribution to the stock of paleontological 
knowledge in so long a life. 

Whether as Editor of the ‘Geological Magazine,’ or in the 
Geological Department of the British Museum, my greatest aim 
and object in life has always been to be of assistance to others, and 
for this, I am glad to say, I have won the friendship and goodwill 
of a very large circle of my fellow-workers, who have by their 
kindness rewarded me a hundred-fold, as you, Sir, in the name of 
the Council have done to-day by the bestowal of this Medal, for 
which my grateful thanks are due. 


Awarp or THE Murcurson Mepat. 


The Prestpgnr then presented the Murchison Medal to Mr. 
Cuartes THomas Croven, M.A., of H.M. Geological Survey, 
addressing him in the following words :— 


Mr. Crovex,— 


The Council have awarded the Murchison Medal to you, in 
recognition of your invaluable contributions to Geological Science, 
by means of the maps and memoirs executed by you for H.M. 
Geological Survey. 

Your detailed observations on the igneous and metamorphic rocks 
of Northern Britain have furnished geologists with most important 
material for the elucidation of many intricate problems. Your 
work is largely recorded in the various Memoirs of the Geological 
Survey. I may especially refer to those Memoirs which treat 
of the geology of the Cheviot Hills and of the Cowal District of 
Argyllshire, although your contributions to our science are also 
included in several other volumes of which you are one of the 


Authors. 
(ah 
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Your work is also recorded on the maps of those areas 
which you have surveyed. .To produce those maps required, in 
addition to the ordinary accomplishments of a geological surveyor, 
petrographical and other knowledge of a very special kind, and 
they form a fitting monument to your skill. Their remarkable 
execution was recognized by the selection of certain of those of 
Ross-shire for exhibition at the St. Louis Exhibition, as examples 
of the maps on the 6-inch scale which are produced by the 
Geological Surveyors of this country. 

Once again the Murchison Medal is awarded to a member of that 
Survey of which the Founder was for so long Chief. It is a source 
of gratification to me that, in the two years of my office as President, 
medals have been awarded to two old members of my own College, 
pupils of my College-tutor, Dr. Bonney. 


Mr. Croveu replied as follows :— 
Mr, Prestpent,— 


I thank the Council of the Geological Society very much for the 
honour that they have conferred upon me, and you, Sir, for the very 
kind words in which you have spoken of my work. I am conscious 
that this presentation is a matter not purely personal to myself—that 
it is another recognition by this Society of the value of the detailed 
co-operative work carried on by the Geological Survey—and it is 
to me a great additional pleasure to be thus tacitly associated in 
your minds with colleagues and friends with whom I have spent 
so many happy years. I have now been on the staff of the Geolo- 
gical Survey for more than 30 years, and I have seen that we 
sometimes get on the wrong track—that we have our ‘downs’ as 
well as our ‘ups ’—but we feel that, through all vicissitudes, a 
foundation of honest work is always appreciated by our brethren of 
the hammer. 

It is a pleasure also to acknowledge, on this occasion, my personal 
indebtedness to my old friends and teachers of Cambridge days, 
and particularly to Prof. Bonney and Prof. Hughes. I feel indeed 
that I owe to others more than I can tell. 
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AWARD OF THE LyEett MEDAL. 


In handing the Lyell Medal, awarded to Prof. Frank Dawson 
Avams, Ph.D., to Sir Arcuisatp Guxrtxin, Sc.D., Sec.R.S., for 
transmission to the recipient, the Presippnr addressed him as 
follows :— 


Sir ArcHIBALD GEIKIE,— 


The Lyell Medal is awarded to Prof. Frank D. Adams as a mark 
of honorary distinction, and as an expression on the part of the 
Council that he has deserved well of the science, particularly by his 
contributions to our knowledge of the geology of Canada. 

Prof. Adams has been actively engaged in the study of the rocks 
of the great Dominion, and by work in the field and the laboratory 
has contributed largely to our knowledge of their petrography and 
their genesis. The study of those ancient rocks, the pre-Cambrian 
age of which was first demonstrated in Canada, has advanced far 
during recent years; but they are still to some degree enshrouded 
in mystery, and the labours of our Medallist are throwing light 
upon the obscurity. 

He is also occupied with work among igneous rocks bearing upon 
problems connected with petrographical provinces and the differen- 
tiation of igneous magmas. I may more especially allude to his 
paper on ‘ The Monteregian Hills—a Canadian Petrographical Pro- 
vince,’ published in ‘The Journal of Geology’ for April-May 1903. 

Nor has he occupied himself with observation to the neglect of 
experiment, and one result of his laboratory-work is that most 
interesting and suggestive paper, ‘An Experimental Investigation 
into the Flow of Marble,’ written in conjunction with Dr. J. T. 
Nicolson, and published in the Philosophical Transactions of the 
Royal Society (ser. A, vol. cxev, 1901, p. 363). The experiments 
described in this paper tend to prove that not only 

‘The solid earth on which we stand, 

In tracts of fluent heat began, 

And grew to seeming-random forms, 

The seeming prey of cyclic storms,’ 
but that, even now, internal tracts which are in the ordinary sense 
solid, 


From form to form’.... 


with results which have a most important effect upon various rock- 
structures. 
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Prof. Adams is successful also as a teacher, and we rejoice to 
know that, under his care, a geological school flourishes in McGill 
University, a university endeared to us all by its association with 
the name of Sir William Dawson. 

We regret Prof. Adams’s absence to-day. Let us hope that we 
may welcome him and many other geologists who are advancing 
our science in various parts of the Empire, on that auspicious 
occasion in the coming year, when we shall celebrate the centenary 
of the foundation of our Society. 


Sir Arcurparp Gurkrn, in reply, expressed the pleasure with 
which he received this medal! on behalf of his friend, Prof. Adams, 
from whom the following letter had just been received in answer to 
the Secretary’s announcement of the Award :— 


‘Petrographical Laboratory, McGill University, Montreal, February 2nd, 1906. 
‘Professor Epmunp J. Garwoop, M.A., Secretary of the Geological Society. 
‘Dear Sir,— 


‘I have received your kind letter conveying the very welcome and most 
unexpected information that the Council of the Geological Society have this year 
awarded to me the Lyell Medal. I regret extremely that it is impossible for me to be 
in London at the time of the Annual Meeting, so that I might have the pleasure of 
receiving the Medal in person. 

‘It is impossible for me to express adequately my thanks to the Council of the 
Geological Society for the great and unexpected honour which they have done me. 
Sir Charles Lyell’s name, known as it is wherever Geology is taught, is among us here 
associated with very kindly memories. For, during his second visit to America, 
Sir Charles met Dr. (afterwards Sir William) Dawson, then a young man commencing 
his geological work, and with him visited and studied the now renowned Joggins 
section of the Carboniferous of Nova Scotia. Lyell’s help, council, and encourage- 
ment at that time, greatly stimulated Dawson to increased endeavour and further 
work. In 1881 Dawson became the recipient of the Lyell Medal, indicating that 
his endeavours had been crowned with some measure of success. As Sir William 
Dawson was my earliest teacher in Geology, as well as my predecessor in the Chair 
which I now hold, the award of the Lyell Medal a second time to the Logan 
Professor of Geology at McGill University will still further serve to perpetuate 
Lyell’s memory here, and to strengthen the bond of union between the geologists of 
Canada and the great Geological Society which has its seat at the Capital of the 
Empire. 

“Please convey to the Council of the Society my sincere appreciation of the 
honour which they have done me, and accept my best thanks for the very kind 
words of your letter, in which you conveyed the announcement of the gift. 


‘TI remain, yours most sincerely, 


‘Frank D. ADAmMs.’ 


Prof. Adams was still in the full vigour of life, and there was 
every reason to hope that his distinguished career would be prolonged 
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for many years to come. That his geological activity shows no 
sign of slackening is proved by an intimation which the speaker 
had recently received from him, that he had completed the detailed 
investigation of a wide Archean tract of Canada, and that the paper 
containing the account of this investigation might be expected in this 
country at an early date. His researches on the flow of rocks are 
also still in progress, and some further results on this interesting 
subject may be looked for before long. No more fitting recipient 
of this medal could have been selected, than the geologist who carries 
on so ably the traditions of Logan and Dawson in Canada. 


AWARD OF THE Prestwicu Mepat. 


The Prestpenr then presented the Prestwich Medal to Mr. 
WituiuaMm Wuiraker, F.R.S., addressing him as follows :— 


Mr. WHITAKER,— 


The Prestwich Medal is awarded to you, as an acknowledgment 
of the work that you have done for the advancement of geology, 
particularly by your researches among the Tertiary strata of the 
London and Hampshire Basins. Twenty years ago the Council 
awarded to you the Murchison Medal as an acknowledgment of your 
contributions to our science, which were particularized by the 
President of that day. Since then you have not been idle, and your 
recent work has been conducted on lines similar to those along 
which your earlier labours were carried on. 

The Prestwich Medal is, however, doubtless awarded to you, not so 
much onaccountof what you have done since receiving the Murchison 
Medal, as in recognition of the value of your researches in those 
parts of our science which were advanced in a high degree by the 
Founder of the medal which I am about to hand to you, namely, 
the study of the Tertiary and Quaternary deposits. The importance 
of your labours among the Tertiary deposits was aptly acknowledged 
by Dr. Bonney in 1886, in the following words : 

‘Your papers on the western end of the London Basin, and on the Lower 


London Tertiaries of Kent, deserve to be ranked with the classic memoirs of 
Prestwich, as elucidating the geology of what I may call the Home District,’ 


You have also followed in the footsteps of Prestwich in matters 
of economic geology. I may especially refer to the question of 
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water-supply and to the study of underground geology, for which 
you, the recipient of the Medal, like its Founder, have done so 
much. 

In these circumstances, it must be a source of satisfaction to you 
as well as to your friends, to find that the Council have added 
a new link connecting your name with that of Sir Joseph Prestwich. 

Six years ago the honour fell to me of receiving a medal from 
your hands. It now falls to my lot to convey one to you, and it 
gives me much pleasure to hand it to a geologist with whom I have 
been on terms of friendship for thirty years. 


Mr. Wuiraker, in reply, said :— 
Mr. Prestpent,— 


During the course of my official life on the Geological Survey it 
was my lot to work over ground that had been examined in detail 
by Prestwich, and the geology of which was described in the 
remarkable set of papers which he read to the Society. 

In my work I was struck by the accuracy of observation and 
the judgment in inference shown by our past master in stratigraphy. 

In another matter, too, I have had to follow along a line in which 
Prestwich was perhaps the pioneer, that is the application of geology 
to questions of water-supply and kindred practical subjects. 

It has been to me a constant pleasure to follow in the footsteps 
of one from whom I have learnt so much; and that, in the opinion 
of the Council, I have been a not unworthy follower, is evidenced 
by the award to me of the Medal that bears his honoured name. 

I am proud, therefore, to-day in having my name again associated 
with that of one for whom I have always had a great regard, as a 
geologist and as a friend. 


AWARD OF THE Wotzaston Donation-Funp. 


In presenting the Balance of the Proceeds of the Wollaston 
Donation-Fund to Dr. Frntay Lormer Krironty, M.A., the 
Presipenr addressed him in the following words :— 


Dr. Kitcu1n,— 


The Balance of the Proceeds of the Wollaston Donation-Fund 
is awarded to you, as an acknowledgment of the value of your 
investigations on the Fossil Brachiopoda and other Invertebrata. 
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You took exceptional pains to fit yourself for your future calling 
by a prolonged course of study. After a successful career at 
Cambridge you proceeded to Munich, to study paleontology under 
a great Master—the revered Zittel. The results of your training 
have been already shown by your various papers on Inyertebrate 
Paleontology, among which I would specially allude to your work 
on the Jurassic Fauna of Cutch, published in the ‘ Paleoritologia 
Indica.’ 

In your present position your time, like that of most professional 
geologists, is no doubt largely occupied by routine-work, but what 
you have already done encourages us to hope that your contribu- 
tions to the science of Paleontology will rank with those of your 
distinguished predecessors in the post which you now occupy. 


Awarp or tHE Mourcuison GrortoctcaLt Funp. 


The Presiprnt then presented the Balance of the Proceeds of the 
Murchison Geological Fund to Mr. Herspert Laprwoxrrs, B.Sc., 
addressing him as follows :— 


Mr. Herserr Larworta,— 


The Balance of the Proceeds of the Murchison Geological Fund 
is awarded to you, in acknowledgment of your investigations among 
the Llandovery rocks of the Rhayader district. 

During the intervals of a busy professional life you have devoted 
your attention to a line of research with which the name of 
Lapworth will ever be associated. The success of your investiga- 
tions will be admitted by all who have read your admirable paper 
in the 56th volume of our Quarterly Journal. Of that paper I 
need merely say that it is worthy of the son of Charles Lapworth. 
We trust that our Journal will, in future years, contain many other 
equally-valuable contributions from your pen. 

I haye much pleasure in handing to you this Award, bestowed by 
the Council as an incentive to further work. 
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Awarps From tHE Lyptt GronocrcaL Founp. 


In presenting a moiety of the Balance of the Proceeds of the 
Lyell Geological Fund to Mr. Wrnr1am Grorce Frarnsipss, M.A., 
the Presipent addressed him as follows : 


Mr, Frarnsrpps,— 


A moiety of the Balance of the Proceeds of the Lyell Geological 
Fund is awarded to you by the Council, in recognition of your 
valuable contributions to cur knowledge of the Lower Paleozoic and 
the Cretaceous rocks. 

Your first contribution to the Quarterly Journal recorded an 
interesting discovery on the borders of our University town, where 
one might have expected that little remained to be done. But, like 
so many Cambridge men, you, dissatisfied with the simplicity of the 
Mesozoic rocks of East Anglia, turned your attention to the older 
rocks of the western tracts of Britain; and that you have there 
already obtained most valuable results is proved by your admirable 
paper on *‘ The Geology of Arenig Fawr & Moel Llyinant,’ published 
in last year’s Quarterly Journal. 

Your friends know that this is but a beginning, and that you 
have already done much work in Wales and elsewhere which is 
not yet published. We shall look forward with confidence to the 
results of your continued researches; and it gives me much pleasure 
to hand to you this proof of the Council’s approbation of what you 
have already done, and of their interest in your future work. 


The Prestpenr then handed the other moiety of the Balance of 
the Proceeds of the Lyell Geological Fund, awarded to Mr, Ricuarp 
H. Sorry, M.A., to Prof. W. W. Warrs, F.R.S., Sec.G.S., for 


transmission to the recipient, addressing him in the following 
words :— 


Prof. Warts,— 


The other moiety of the Lyell Geological Fund has been awarded 
to Mr. Richard H. Solly, as an acknowledgment of the valuable 
work done by him on the minerals of the Binnenthal and else- 
where. Mr, Solly has carried out his labours under difficulties, and 
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in some degree with a lack of encouragement which would have 
disheartened many workers. Nevertheless, he has steadily pro- 
ceeded with his self-appointed task, and made substantial additions 
to his science. He is still engaged in his work on the Binnenthal, 
where he has discovered seven new minerals which he has 
described. 

Will you express a hope to Mr. Solly that this Award may act 
as an incentive to the prosecution of his researches, proving as it 
does that his work is appreciated by the Council of this Society ? 


AWARD FROM THE Bartow-JAMESON FuND. 


In presenting a sum of Twenty-Five Pounds from the Barlow- 
Jameson Fund to Mr. Henry C. Beastey, the Prestpenr addressed 
him as follows :— 


Mr, Brastny,— 


The sum of Twenty-Five Pounds from the Barlow-Jameson Fund 
is awarded to you by the Council, in recognition of your important 
work on the Triassic rocks. In connexion with that work I may 
refer to your valuable descriptions of footprints from the Trias, in 
which you have abstained from burdening our fossil-lists with new 
names. You have travelled much ou either side of the Atlantic, 
obtaining thereby much information concerning geological matters, 
more especially with reference to the Triassic rocks. 

I may also allude to your work on Glacial Geology, and to a 
suggestive paper on the water ejected from volcanoes. 

I hope that this award of the Council will encourage you in the 
further prosecution of your fruitful researches. 
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT. 
Joun Epwarp Marr, Sc.D., F.R.S. 


I now proceed to give short accounts of those whom the hand of 
death has removed from among us in the course of theyear. I 
have again to offer thanks to those who have been good enough to 
assist me in this task. They are Dr. C. W. Andrews, Prof. J. W. 
Gregory, Mr. R. S. Herries, Mr. R. Lydekker, and Mr. H. B. 
Woodward. 


No loss is so heavy to us as that of Wittram THomas Bianrorp. 
A notice of Dr. Blanford by one who knew him long and well 
appears below, but I feel that I should not be doing my duty as 
one who has served on the Council with him for many years if I 
did not myself refer to the good work which he has done for our 
Society. He acted as Secretary from 1884 to 1888, occupied the 
Presidential Chair during the years 1888-1890, and was Treasurer 
from 1895 up to the time of his death last year. 

The amount of work which he did for us in connexion with the 
Council and Committees was very great, but it was done so quietly, 
and was so complete when submitted to the various bodies, that 
only the Officers were aware of its extent, and even they could but 
approximately gauge it. He knew the geology of the world, and 
when any doubt would otherwise have arisen as to who was to be 
asked to consider the publication of a paper, Dr. Blanford was sure 
to be requested to peruse it, and I remember no case where he 
declined to do so, however great might be his stress of work. The 
smoothness which characterised his doings for us was due, not only 
to the completeness and quietness of his work, but in a very high 
degree to his unfailing kindness and courtesy to all with whom he 


came into contact. He was indeed one of those of whom the poet 
sings that— 
‘ Lives of great men all remind us 
We can make our lives sublime, 
And, departing, leave behind us 
Footprints on the sands of time.’ 


Ferpinanp Pavt Witurtm, Baron von Ricwraoren might in 
1860 have been mourned as a deserter from geology; but now 
geologists rejoice in the path that he chose, and mourn him in 


gratitude for his deep and beneficial influence on the study of 
structural geography. 
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He was born, of a distinguished Silesian family, at Karlsruhe, 
on May 5th, 1833. He was educated at Breslau, and, from 1852 
to 1856, at the University of Berlin. Here his main study was 
geology, under Beyrich, But of his Berlin teachers, Richthofen 
probably owed most to the inspiration of the geographical teaching 
of Karl Ritter, whose philosophic spirit lived on in the work of his 
greatest pupil. Richthofen began research in petrology, and his 
first paper ‘ Ueber den Melaphyr,’ the thesis for his doctorate, was 
published in 1856. It shows, in its full account of the literature, his 
historic sympathies, and also the value which he already attached to 
tectonic problems. ‘Till 1859 he was engaged in geological surveys 
in the Tyrol and in Hungary. Most of his writings at this period 
deal with the eruptive rocks of Central Europe and the dolomites 
of the Tyrol. His interest in economic problems is shown by his 
paper on the ores associated with the Hungarian trachytes. It was 
during this period that Richthofen developed the first of the three 
important geological hypotheses with which his name will always 
be associated—the origin of the dolomite-blocks of the Tyrol. 

Richthofen’s surveys were interrupted in 1859 by his appoint- 
ment as geologist with Count von Eulenburg’s mission to Eastern 
Asia. This expedition enabled him, between 1860 and 1862, to make 
contributions to the knowledge of the geology and geography of 
Ceylon, Formosa, Japan, Java, the Philippines, Siam, and Further 
India. He left the mission in China on its return to Europe in 
1862, and travelled overland to Moulmein. After a short visit to 
India he crossed to California. Here he spent six.years. The 
chief result of his work there were his memoirs on the Comstock 
Lode (1866) and his ‘ Natural System of Volcanic Rocks’ (1868). 

In 1868 he returned to China, which was now open to travellers. 
Here he was occupied, until 1872, in the extensive journeys during 
which he collected the material for his great work, ‘ China,’ and 
discovered the vast coal-fields of Shantung, thus enabling the 
world to realize the economic importance of China. His work has 
had a marked influence on world-politics, for his appreciation of 
the value of Kiaochau led to its selection as the base of German 
operations in the Far East, He returned to Europe in 1872, and 
was appointed Professor of Geology at Bonn, in 1875; but he was 
allowed to defer beginning his duties there till he had published 
some of the results of his Chinese travels. 

He taught at Bonn from 1879 to 1883, when he accepted the 
Chair of Geography at Leipzig. In 1886 he was appointed Professor 
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of Physical Geography at Berlin, in which position he has done so 
much to give German geography its scientific spirit, and helped to 
secure the establishment in Berlin, in 1908, of an institute for the 
study of Oceanology. His teaching and his insistence on scientific 
precision in the terminology of descriptive geography have influenced 
a wider circle than his immediate pupils, thanks to his excellent 
‘ Fiihrer fiir Forschungsreisende ’ (1886). He died on October 6th, 
1905. 

Richthofen’s greatest work is his ‘ China,’ which will long remain 
a standard work of reference, owing to its great addition to the 
knowledge of a country previously almost unknown geologically. 
The work, however, is still unfinished. The first volume, published 
in 1877, contains an elaborate history of China, and its chief 
geological interest is the statement of his evidence as to the origin 
of loess. The second volume deals with the Northern Provinces, 
and the fourth describes his paleontological collections. One 
volume of the Atlas with part of his maps was issued in 1885. But 
the rest of his maps and the third volume describing Southern 
China have not yet been published, 

This solid addition to the materials of geology is perhaps of less 
value than Richthofen’s stimulating influence on contemporary 
geological thought. His fine imagination led him to brilliant 
and illuminating ideas in each of the three departments of geology 
in which he worked—petrology, tectonic geology, and physical 
geology. 

Petrology was his first love, and that at a time when he de- 
scribed it as ‘ still considered a very incomplete and little satisfactory 
part of geology.’ He started work eager to remove this reproach, 
by giving more precise definitions of rock-names and a more 
instructive basis of rock-classification. So he compiled a synonymy 
and diagnosis of melaphyre as a rock-species, on lines similar to 
those adopted in systematic zoology. The methods by which he 
hoped to wrest from petrography the whole history of vuleanicity 
are best stated in his ‘ Natural System of Volcanic Rocks.’ He had 
shown in 1859 a tendency to the main theory of that paper, in his 
discussion of the separation of melaphyre and augite-porphyry ; for 
he then classified the Triassic eruptive rocks of the Tyrol into ten 
successive eruption-periods. Unfortunately, Richthofen’s reasoning 
was based on the principles of petrology then dominant in Germany. 
Thus he resolutely separated the Scottish ‘anamesites’ by their 
younger age from the melaphyre, which he confined to eruptions 
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during the middle of his ten eruption-periods. It was the 
foundations that Richthofen accepted from his teachers, and not his 
methods that were at fault. But his speculations will always be 
of interest, from his early appreciation of the facts subsequently 
explained by magmatic differentiation; and from his attractive 
suggestion of fissure-eruptions, by which be sought to account for 
the occurrence of lavas on a scale transcending all European 
experience. 

His most famous contribution to tectonic geology, though not 
confirmed by more detailed later surveys, was his explanation that 
the dolomite ‘ Colossi,’ as he called them, of the Tyrol, were coral- 
atolls built in a Triassic sea; that the associated St. Cassian Beds 
were the contemporary deep-sea deposits, on the ocean-floor between 
the atolls; and that the Raibl Beds were mainly coral-sands on 
the shores of the atolls, or fragmental limestones formed between 
the reefs in the last stage of coral-formation. This hypothesis 
was announced in 1860 in his ‘ Geognostische Beschreibung von 
Predazzo, and reasserted in 1874, in his paper on the Mendola 
Dolomite, and then supported by arguments derived from his study 
of living reefs in Malaysia. 

Richthofen’s most successful addition to geology was his solution 
of the vexed question of the origin of loess, in a series of papers 
between 1872 and 1882, and mainly in the first volume of his 
‘China’ in 1877. From the study of the loss in Eastern China, 
he concluded that it must have been a subaérial steppe-formation. 
This inference from the lithological characters of the deposit he 
supported by study of its actual formation in progress in the steppes 
of Mongolia. The occurrence of loess of identical composition, in 
Germany and Central Europe, led him to the opinion that steppe- 
conditions must once have prevailed there; and this conclusion, 
based on the evidence of physical geology, was fully confirmed when 
the paleontological work of Nehring showed that the bones in the 
German loess belonged to a steppe-fauna, PORE E! 


Gittes JosepH Gustave Drewarevr, who was elected a Foreign 
Correspondent in 1871 and a Foreign Member in 1880, was 
born at Stavelot in Belgium on the 2nd of December, 1826. 
He graduated as Doctor of Medicine and of Sciences in the 
University of Liége, and in 1857 succeeded Dumont in the Chair 
of Geology. In 1865 he was appointed Ordinary Professor of 
Mineralogy, Geology, and Paleontology, and only retired a few 
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years ago. He was one of the founders of the Société Géologique 
de Belgique. 

His earlier researches were on the Lias of Luxemburg, and he 
published with F, Chapuis, in 1853, an important monograph, 
‘Description des Fossiles des Terrains Secondaires dela Province de 
Luxembourg’; but in the course of time he dealt with the stratified 
rocks and fossils of all ages in Belgium, from the Cambrian to the 
Scaldisian, and other subdivisions of the Tertiary system. Especially 
noteworthy are his contributions to our knowledge of the Devonian 
rocks and fossils. 

He issued in 1868 ‘ Prodrome d’une Description Géologique de 
la Belgique,’ of which a second edition was published in 1880; and 
in 1879 he issued his ‘Carte géologique de la Belgique et des 
Provinces voisines.’ 

He died at Liége on the 3rd of November, 1905. 

PEL Bas) 


Farrx Vicror Ravin, who was elected a Foreign Correspondent 
in 1866, was born in Paris on the 8th of August, 1815. His 
attention was in early years directed to natural science, and more 
especially to geology ; he joined the Geological Society of France 
in 1837, and became in 1838 Préparateur de Géologie at the 
Museum of Natural History at Paris. In 1846 he was appointed 
Professor of Mineralogy, Geology, and Botany at the Faculty of 
Sciences at Bordeaux, and this post he actively held until 1885, 
when he was made Emeritus Professor. He was distinguished 
for his researches on the geology of Aquitaine, on the Tertiary 
strata of the Paris Basin, of the Aller, and other parts of France. 
Among his separate works were ‘ Géologie de la France’ 1844; 
‘Eléments de Géologie’ 1868, 2nd ed. 1874 (written with special 
reference to the geology of France); and ‘ Description physique de 
Vile de Créte’ 2 vols. and atlas, 1869. 

Regarded for some time as the Nestor of French geologists, he 
died on the 10th of February, 1905, at Montfaucon d’Argonne, in 
his 90th year. [H. B. W.] 


By the death of Witt1m Txomas Branrorp, C.1.E., LL.D., 
F.R.S., which took place at his residence, 72 Bedford Gardens, 
Campden Hill, London, on June 23rd, 1905, not only have our 
Society and geological science generally sustained a heavy loss, but 
an equally-wide gap has been made in the ranks of zoologists, 
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more especially in regard to the study of the geographical dis- 
tribution of animals, in which our late colleague and Treasurer 
was one of the most distinguished writers. The eldest son of 
William Blanford, he was born at 27 Bouverie Street, Whitefriars, 
London, on October 7th, 1832, and was educated at first with a 
view to succeeding his father in business. Brighton first and Paris 
afterwards were the places where young Blanford received his 
early education ; and on his return from the latter city in 1851, he 
appears for a short time to have actually begun work in business. 
Fortunately plans were changed, and in October of the following 
year he matriculated for a two years’ course at the Royal School of 
Mines, where he passed out with high distinction, having gained 
two scholarships. On leaving the School of Mines, in 1854, the 
successful scholar was sent to pursue a course of study in mining 
and mineralogy at Freiberg; but, while thus engaged, he was 
offered and accepted a post on the Geological Survey of India, 
which was then being fully organized and equipped under the 
superintendentship of Dr.T. Oldham. Reaching India in September 
1855, Blanford was despatched on his first field-work in the 
following January, the Talchir Coalfield of Orissa being the 
scene of his initial labours, and it was here that he made his 
mark by urging the glacial origin of the now well-known Talchir 
boulders. 

To follow Blanford’s earlier career on the Indian Survey would 
manifestly be out of place on this occasion, and it must suffice to 
state that, after doing much good work in surveying the Raniganj 
Coalfield and the rocks of Burma, he was appointed Deputy 
Superintendent in 1862, with special charge of the Bombay Presi- 
dency. The geology of the Narbada and Tapti Valleys, together 
with flying visits to Sind and Cutch, occupied much of his attention 
till 1866, in September of which year he was deputed to join the 
Abyssinian Expedition under Lord Napier, as geologist and 
naturalist. This expedition may be said to have formed a turning- 
point in his career, for there can be little doubt that it was while 
he was engaged on his Geology & Zoology of Abyssinia that his 
attention was first seriously directed to the problems of zoological 
geography. On his return to India in October 1868, with the 
Abyssinian war-medal as a recognition of his services, Blanford was 
engaged in working out his collections, a task which he was enabled 
to complete by being granted six months’ leave on duty to England 
in the following spring. The results of his work were published in 
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1870, under the title of ‘ Observations on the Geology & Zoology 
of Abyssinia,’ in a handsome and well-illustrated volume. 

Back in India by November 1869, the following working seasons 
were spent in the Nagpur, Hazaribagh, Godaveri, and Ellori 
districts, while a vacation-trip was taken up the Sikhim Valley 
to the Tibetan frontier. In the winter of 1871-72, a plan for the 
detailed survey of Sind was interrupted by Blantord being ordered 
to join the Persian Boundary-Commission, under Major (afterwards 
Sir Oliver) St. John, in the same capacity as that in which he had 
served in Abyssinia. This gave another opportunity for the study of 
geographical distribution ; and, at the conclusion of the expedition 
in 1872, Blanford enjoyed two years’ home-furlough, during which 
he worked at his collections: the results of his labours being 
published in 1872 in the second volume of ‘ Eastern Persia.’ 

Returning to India in 1874, Blanford set to work on the post- 
poned survey of Sind, where results of great interest, including a 
remarkably-large collection of echinoderms, were obtained. On the 
completion of the Sind work in 1877, Blanford, after writing a 
report on the same for the Survey Memoirs, joined Medlicott 
(who by this time had become chief of the Survey) in writing the 
‘Manual of the Geology of India,’ an undertaking which will long 
keep alive the memory of the two authors. Two years (1879- 
1881) were again passed on furlough in England, at the close 
of which Blanford was deputed to visit the Geological Congress at 
Bologna, where he received the Order of St. Maurice & St. Lazarus 
from H.M. the King of Italy; and after returning for a short time 
to Sind, and thus completing 27 years’ service on the Indian 
Survey, he finally retired on a pension in the spring of 1882. Had 
it not been for a slight seniority on Mr. Medlicott’s part, Mr. Blan- 
ford would undoubtedly have been appointed Superintendent of the 
Indian Survey; and, to recompense him in some degree for this 
deprivation, the Government granted him a special allowance above 
the salary of his grade as Deputy-Superintendent. During his later 
Indian service he was President of the Asiatic Society of Bengal. 

So early as 1874 Blanford was elected a Fellow of the Royal 
Society, and in 1883 he received from the Council of our own 
Society the award of the Wollaston Medal. In the same year he 
married Ida Gertrude, daughter of Mr. R. T. Bellhouse, and took 
up his residence at Campden Hill. Elected on our Council in 1883, 
Dr. Blanford served as Secretary from 1884 till 1888, when he 
was elected President ; in the latter office his two addresses dealing 
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with the question of the permanency of ocean-barriers and con- 
tinents, and the bearing of this on the past and present distribution 
of animal life, can be described in no other terms than as ‘ epoch- 
making.’ Indian zoological provinces subsequently occupied much of 
his attention, and in acknowledgment of the importance of his work 
on this subject Blanford in 1901 received from the Royal Society 
the award of a Royal Medal. For ten years previous to his death, 
Dr. Blanford filled the office of Treasurer to our Society. He 
served twice for a period of two years on the Council of the Royal 
Society (in 1891-93 and 1901-1903), and was a Vice-President of 
the same body in 1892, 1901, and 1902. He also served on the 
Councils of the Royal Geographical and Zoological Societies, of both 
of which bodies he was a Vice-President. On four occasions he 
has been a Vice-President of Geological Congresses; and in 1884 he 
was President of the Zoological Section of the British Association at 
Montreal, on which occasion he received the degree of LL.D. from 
McGill University. In the year previous to his death the dis- 
tinction of the Companionship of the Order of the Indian Empire 
was bestowed upon him. It should be added that Blanford was an 
honorary member of many foreign scientific societies ; and also that 
during the Sepoy Mutiny he served with what is now the Calcutta 
Light Horse. 

In addition to his work on the distribution of Indian animals, 
Blanford’s time during his residence in England was largely 
occupied with the ‘Fauna of British India,’ a work which owed 
its inception entirely to his energy. Besides being editor of the 
series, he wrote the volume on mammals and two of those on 
birds, while at the time immediately preceding his death he was 
engaged on the land-shells. Thoroughness and breadth of view are 
distinctive of this and all his works, and his zoological writings 
are specially characterized by the manner in which he endeavoured 
to check the unnecessary multiplication of genera and species so 
much favoured by modern specialists. Indeed, it was a favourite 
saying of his that, in order to check such undue specialization, every 
scientific man ought to be a master of at least two branches of 
science. In connexion with his Indian Survey-work, special stress 
must be laid on Blanford’s correction of the age of the Gondwana 
Series as deduced from the study of the land-flora. 

As a man, Blanford was a true friend and trustworthy counsellor 
to all who enjoyed his full acquaintance. An innate shyness of 
manner gave the impression to younger men that he was haughty 

e2 
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and distant ; but those who really knew him were aware that this 
was not the case, and there are many who, like the present writer, 
have lost by his death one of their best friends. Above all, Blanford 
was, in word and deed, a true gentleman, (Rtas 


By a remarkable coincidence Hunry Benepror Mepuicorr, M.A., 
F.R.8., who joined the Geological Survey fifteen months earlier 
than Blanford, passed away two months earlier than his colleague, 
with whom he was so long and so intimately associated in official 
work. Born at Loughrea, County Galway (Ireland), on August 3rd, 
1829, he was the second son of the Rev. Samuel Medlicott and 
Charlotte Medlicott, the former of whom was Rector of Loughrea. 
He was educated at first in France and Guernsey, and finally at 
Trinity College, Dublin, where he obtained his B.A. degree in 1850, 
with honours, in the School of Civil Engineering, although he did 
not take his M.A. till 1870. 

In 1851 Medlicott was appointed to the Geological Survey of 
Treland, but two years later he was transferred to the English 
Survey, and in March 1854 was engaged by Dr. T. Oldham as a 
member of the staff of the Indian Geological Survey. Before, 
however, he entered on the field-work of the Survey he was 
gazetted Professor of Geology in the Indian Engineering College at 
Rurki; but he was still allowed, by special arrangement, to do 
field-work for the Survey during the cold weather. Accordingly 
he acted as an extra member of the Survey staff during part of 
each year from 1854 to 1862, in which latter year he was de- 
finitely reinstated in his old appointment, with the rank of Deputy- 
Superintendent for the Bengal Presidency. During his temporary 
attachments to the Survey, Medlicott examined and classified the 
rocks of part of the Narbada Valley and Bundelkund, and sub- 
sequently those of the Outer Himalaya, where he established the 
distinction between the typical Siwaliks and the Manchars. In 
1857 he served as a volunteer with the Rurki garrison against the 
Sepoy mutineers, when he gained the Mutiny Medal, after per- 
forming an act of gallantry almost unequalled and never surpassed. 

After much excellent field-work in various parts of the vast 
Province under his geological charge, and having twice acted as 
Superintendent during Dr. Oldham’s absence on furlough, Medlicott 
was appointed to the Superintendentship of the Survey, as being the 
senior officer, on the retirement of Dr. Oldham on April Ist, 1876; 
the title of the post being changed to Director in 1885, 
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Almost immediately he set to work, in association with Dr. 
Blanford, on the ‘ Manual of the Geology of India,’ the first two 
volumes of which form a permanent memorial to the two authors 
and colleagues. Having reached the age-limit of service in 1884, 
Medlicott was accorded by Government an extension till 1887, in 
April of which year he surrendered the reins of office to Dr. King, 
after completing 33 years’ service, most of which was spent in 
India. 

During his Indian service Mr. Medlicott married Louisa, second 
daughter of the Rev. D. H. Maunsell, who survives him. While 
Superintendent (or Director) of the Survey, Medlicott, during his 
wife’s absence in England, lived almost the life of a hermit when 
on office-duty in Caleutta—a course which did not perhaps tend to 
promote the welfare of his department. In addition to writing his 
share of the ‘ Manual,’ Medlicott edited some ten volumes of the 
Survey-Memoirs, as well as other official publications. His policy 
of allowing his subordinates to express their views in print without 
censorship, even if he believed them to be wrong, gave rise to some 
amount of friction; but otherwise his rule—mild but firm—was 
beneficial to the general interests of the Survey. While Blanford’s 
work inclined strongly to the paleontological side, that of Medlicott 
was strictly confined to the stratigraphical aspect. How much he 
accomplished in unravelling the tangled skein of Indian Geology 
may be learnt by reference to the Survey-publications and, more 
concisely, by the memoir of Medlicott written by his colleague 
Blanford only a few weeks before his own death, and published in 
the ‘Records’ of the Survey for 1905. It may be said, however, that 
during his Directorship he absolutely devoted himself, body and soul, 
to the duties of his office. 

After his retirement Medlicott lived very quietly at Clifton, 
Bristol, where he passed. away on April 6th, 1905, while seated 
in his study. In 1856 Medlicott became a Fellow of our Society, 
from which he received the Wollaston Medal, on his retirement 
from the Indian Geological Survey, in 1888. He was elected a 
Fellow of the Royal Society in 1877, and was also honorary Fellow 
of several foreign scientific societies; but he never used any 
distinctive letters after his name. In disposition he was retiring 
and shy to a degree, although affectionate to, and beloved by, the 
few with whom he was intimate. The present writer is indebted 
to him for many a kindness and much consideration, [R. L.] 
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In Freperick Wortasron Huron, who died on October 27th, 
the Society has lost a Fellow of long standing, with whom few of 
us were, till a few months ago, personally acquainted, but who was 
widely known for the excellent geological and other scientific work 
which he had done in the country of his adoption. He was 
one of a pioneer-band of geologists, of whom Sir James Hector is 
perhaps the only survivor, who settled in New Zealand many years 
ago, and devoted themselves to working out the many complicated 
problems that the islands forming that colony present. He emi- 
grated in 1866, and never returned to this country till last year, 
a period of 39 years. He attended the meeting of the Society on 
May 10th, and gave an admirable summary of a long and intricate 
paper by his old pupil, Dr. Patrick Marshall, on ‘The Geology of 
Dunedin,’ a model of condensation which might be copied with 
advantage by many readers of papers at our evening-meetings. On 
that occasion he remarked thet the last meeting at which he was 
present had been in Somerset House, when the assemblage included 
such celebrities as Murchison and Lyell. Unfortunately, ill-health 
prevented him from being present ati any more meetings, and from 
enjoying his visit home as he had hoped ; and he was not destined 
again to see New Zealand, as he died on board ship during the 
return-voyage, before reaching Cape Town. 

Capt. Hutton was born in 1836, the son of a Lincolnshire 
clergyman. He began life in the Mercantile Marine, but afterwards, 
in 1855, entered the Army as an Ensign in the 23rd Welsh 
Fusiliers, in which regiment he served till 1865, attaining the rank 
of Captain in that year. He saw service in the Crimea and in the 
Indian Mutiny, and (1860-61) passed through the Staff College at 
Sandhurst, where geology was already being taught by Prof. T. 
Rupert Jones, From that period, his love for geology and sub- 
sequent devotion to science seem to date. He became a Fellow of 
this Society in 1860, and in the following year contributed to the 
‘Geologist’ an article entitled ‘Some Remarks on Mr. Darwin’s 
Theory,’ a subject in which he always took a great interest, and to 
which he returned many years later in ‘ Darwinism & Lamarckism, 
Old & New,’ and ‘The Lesson of Evolution,’ published in 1899 
and 1902 respectively. This was followed by a paper in the 
‘Geological Magazine’ for 1866, on the Geology of Malta, and from 
that time his contributions to science deal almost exclusively with 
New Zealand, to which colony, as already stated, he went out in the 
last-named year. After farming for a few years in the Waikato 
(Auckland Province), he joined the Geological Survey at Wellington, . 
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being transferred in 1873 to Dunedin, as Provincial Geologist of 
Otago, and Curator of the Museum there. Subsequently he became 
Professor of Natural Science in the Otago University ; and in 1890 
he moved to Christchurch, on being appointed Professor of Biology 
and Geology in the Canterbury College of the University of New 
Zealand. He relinquished that post in 1893, to take up the 
position of Curator of the Christchurch Museum, which he held 
until his death. His knowledge of the country, it will be seen, was 
very wide, and not less so was the range of his numerous scientific 
writings. Besides geology, these deal with zoological, botanical, 
and ethnological subjects; and it is surprising to note in how 
many branches of science he was interested, on most of which he 
wrote with acknowledged authority. The great majority of his 
papers appeared in the Transactions of the New Zealand Institute, 
of which body he was elected President in 1904, but he also 
contributed to other periodicals, both in the colonies and 
in this country, particularly to the ‘Geological Magazine’ and 
the ‘Ibis, the study of birds having been the subject which 
interested him most next to geology. Many of his geological 
writings were on questions of local stratigraphy, but he also 
dealt with subjects of more general interest, such as mountain- 
formation and glaciation. To our own Quarterly Journal he 
contributed no less than eight papers: the first on ‘Nga Tutura, 
an Extinct Volcano,’ appearing in the volume for 1869, followed 
by others in 1873, 1885, 1887, 1888, and 1893. Of these it will be 
sufficient to specify the ‘Synopsis of the Younger Formations of 
New Zealand’ in vol. xxix, the very useful ‘Sketch of the Geology 
of New Zealand’ in vol. xli, and his account of ‘The Eruption of 
Mount Tarawera’ in vol. xliii. The latter was the result of a 
survey of the district affected by the great eruption which destroyed 
the celebrated terraces of Rotomahana, undertaken within a few 
weeks of the outbreak, no doubt at some personal risk. In his 
geological writings Hutton was somewhat of a controversialist, and 
his interpretations were not always accepted by his brother- 
geologists in New Zealand; but he was always regarded as an 
authority on the questions that he discussed, and, where he differed 
from others, he was invariably ready to acknowledge that they might 
after all be right. 

He was elected a Corresponding Member of the Zoological Society 
in 1872, and a Fellow of the Royal Society in 1892, and in 1901 
he was President of the Australasian Association for the Advance- 
ment of Science. [R. 8. H.] 
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James Manserou, the eminent engineer, was born at Lancaster 
in 1834. His native town, small when compared with most of the 
manufacturing towns of the county, may well be proud that in 
the course of asingle century it produced four men like Dr. Whewell, 
Sir Richard Owen, Sir William Turner, and Mr. Mansergh. 

Though his early work was largely connected with railways, 
Mr. Mansergh subsequently devoted his attention chiefly to water- 
supply and the disposal of sewage, and was a leading authority upon 
both. He communicated no paper to our Society, bat was one of the 
many eminent engineers whose work proves the practical value of 
geological knowledge. This was especially shown by his Elan Valley 
Water-Scheme for the supply of Birmingham, the idea for which 
occurred to him many years before it was carried to its successful 
issue, he having studied while still a young man the natural con- 
ditions of the district in which the reservoir was constructed. 

Mr. Mansergh’s services to his profession are recorded elsewhere. 
He was elected a Feliow of our Society in 1876, and of the Royal 
Society in 1901. In 1900 he became President of the Institution of 
Civil Engineers, and three years later received the honorary freedom 
of his native town. It is written of him that his ‘unfailing 
courtesy and kindness of heart and his devotion to duty endeared 
him to all who knew him, and won for him the respect and 
admiration of all who came even into brief contact with him.’ 
He died at his residence in Fitzjohn’s Avenue on June 6th of 
last year. 


Sir Joun Puear, late Chief Justice of Ceylon, was sixth wrangler 
at Cambridge in 1847, and was afterwards called to the Bar. 
While at Cambridge he wrote two elementary mathematical text- 
books, and in later life wrote a work on ‘The Aryan Village in 
India & Ceylon,’ and subsequently published works on economics. 
He died on the 8th of April, 1905, in his eighty-first year; he 
had been elected a Fellow of this Society as long ago as 1852. 


His brother, the late Master of Emmanuel College, is yet on our 
list of Fellows. 


J. Woopatt Woopatt was for many years resident in Scarborough, 
of which town he was at one time mayor. He took great interest 
in geology and zoology, and was always ready to give help to others, 
His was a familiar figure at meetings of the British Association, 


and other scientific gatherings. He had been a Fellow of this 
Society since 1857. 
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On the 4th of last month occurred the death of Wit1am Henry 
Goss, of Stoke-upon-Trent. Mr. Goss, who was born in London in 
1833, spent his early days in study. Through the influence of a 
former Lord Mayor of London, Mr. Alderman Copeland, he became 
interested in the potter’s art, and began the manufacture of pottery 
in 1858. His success was due to his high scientific attainments, 
in addition to his artistic faculty and his business-capacity. He 
is best known for his heraldic pottery, which has so extensive a 
sale. He not only originated this ware but invented the body, 
and also the variously-coloured enamels used in its manufacture. 
Mr. Goss was a man of wide learning, who wrote on many topics, 
including various antiquarian subjects. He was elected a Fellow 
of this Society in 1881. 


Tuomas Barron died of enteric fever at Port Sudan on the Red 
Sea coast on January 30th last, after a few days’ illness, and was 
interred in that locality. He was born on July 13th, 1865, near 
Greenlaw (Berwickshire), his family having been long established 
on the Border. In 1887 he entered the Royal College of Science, 
and remained there first as student, afterwards as Demonstrator in 
Geology, for about eight years. He took the Associateship both 
in Zoology and Geology, gaining first-class honours in the latter 
subject. About the end of 1895 he was appointed to the newly- 
established Geological Survey of Egypt, and remained in that 
service until about two years ago, when he took the position of 
Government Geologist in the Sudan, a post which he occupied at 
the time of his death. Some of his most important contributions to 
geological science are ‘The Topography & Geology of the Eastern 
Desert of Egypt’ (written in conjunction with Dr. W. F. Hume) 
1903; ‘The Phosphatic Beds of Qift in Qena Mudiria’ 1900; and 
a ‘ Note on the Occurrence of Lower Miocene Beds between Cairo & 
Suez’ 1904. He accompanied an expedition to Abyssinia about 
three years ago, but the results do not seem to have been yet 
published. 

Mr. Barron was a man of sound common-sense and cool judgment. 
The writer of this note had the privilege of accompanying him on 
the long and harassing desert-march from the Faytiim to Moghara, 
and, even under the most trying circumstances, always found him 
even-tempered and resourceful. His death leaves a serious gap in 
the little band of workers who are gradually clearing up the geology 
of Egypt and the Sudan. (Ce WW mA | 
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Tos Ineruence or THE Guxotogican Srrucrure or EneLise 
LAKELAND UPON Its PRESENT Fratures.—A Srupy In Puay- 
SIOGRAPHY.: 


Srarep on the summit of Orrest Head one sunny day last summer, 
gazing at the length of Windermere stretched beneath, with its 
wooded islands and promontories ; with, on the north, the fine screen 
of fells dominated by Scawfell ; on the east, the hills near Sedbergh 
and Kirkby Lonsdale, with the flat top of Ingleborough rising behind ; 
on the south, Morecambe Bay with its estuaries:—I felt that an 
endeavour to reconstruct the history of the features of that physio- 
graphical unit—the English Lakeland—as an illustration of the 
importance of the study of geological detail in its bearing upon 
the present physical aspect of the country would be useful. For, 
although Lakeland is physiographically a unit, I was reminded that 
its history is closely connected with that of the distant Ingleborough 
on the one hand, and with that of Morecambe Bay on the other; 
and this connexion has never been fully described. 

That much has already been done is generally known; but, as 
the result of over thirty years’ work in the district, I have been 
gradually led to recognize the importance of minor details, in 
addition to the main geological structure, as controlling factors in 
the physical configuration, and some of the conclusions which 1 
have reached seem to me to be of more than local importance. 

But, apart from any new light which I may be able to throw 
upon the surface-forms of the district, it is my object to prove, by 
a critical examination of this limited tract, that close application 
to geological matters is necessary, in order to illustrate the present 
physical conditions : in other words, that the physical geographer 
must be a geologist. 

It is, of course, possible to give a general account of the physical 
geography of a country without entering very fully into details as to 
its geological structure, as has indeed been done for our own island 
by Mr. H. J. Mackinder, in his stimulating work on ‘Britain & 
the British Seas’; and, in a simple tract like that of a great portion 
of the Western Territories of North America, little geological 

? The reader will find it convenient to peruse that part of the Address which 
deals mainly with the geological structure of the district, with the aid-of the 
Index-Map of the Geological Survey (Sheets 2 & 5); and the final part, which 


treats more especially of the physiography, with the aid of the Geological 
Survey-Maps on the scale of 1 inch and 6 inches to the mile. 
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knowledge is necessary in order to enable the traveller to com- 
prehend its surface-features. Our own islands are, however, far 
from simple. Not only do they display a great diversity of rocks of 
different ages, but the movements which they have undergone are of 
various dates ; and accordingly the geological history of the islands, 
like its present physiographical condition, is marked by complexity. 

With all this complexity there are, as has been long recognized, 
certain natural divisions. So far as England and Wales are con- 
cerned, these are well defined by Dr. H. R. Mill in the map on 
p- 161 of ‘The International Geography.’ He there recognizes 
eleven of these divisions. On the west lie Lakeland, Wales, and 
Devon & Cornwall; in the centre the Pennine Chain and the 
Central Plain; and on the east and south the Jurassic Belt, the 
Chalk, the Weald, the London & Hampshire Basins, and the Fens. 

In order to understand fully the present geography of England 
and Wales, we require a detailed account of each natural division, 
describing the origin of its scenery. In attempting the account 
of any one we are more or less concerned with some of the 
others, and the history of Lakeland is closely connected with 
that of the Pennine Chain and of parts of the Central Plain. 

The present physical features of the district, in addition to its 
geology, are so well known to our own countrymen that it is not 
necessary here to give any detailed account of either. A few words 
will be sufficient to recall the points which are of importance. 


Lakeland proper is a highland tract of roughly-circular form, 
having a diameter of about 35 miles, and composed of Lower 
Paleozoic rocks. On the south-east side it is connected with 
the Pennine Chain by an extension of these rocks, forming the 
elevated tract of the Howgill Fells, near Sedbergh, with a southerly 
continuation towards Kirkby Lonsdale. Surrounding this central 
tract of older rocks is a girdle of newer strata, chiefly of Carbon- 
iferous age; but, along a small part of the western circumference, 
beds of New-Red-Sandstone age rest upon the Lower Paleozoic rocks, 
from St. Bees Head to a point north-west of the estuary of the 
Duddon. The Pennine Chain runs approximately north and south, 
and on the north-east is separated from the Lake District by the 
great depression of the Eden Valley, occupied by New-Red-Sand- 
stone rocks, and trending north-west and south-east from the mouth 
of the Solway to the town of Kirkby Stephen. A corresponding 
depression, largely occupied by rocks of the same age, also occurs 
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on the south-east side of the district forming Morecambe Bay and 
the lower part of the Lune Valley around Lancaster. ‘The history 
of these depressed tracts is closely bound up with that of Lakeland 
itself. 

Before entering into particulars with regard to the origin of the 
central dome and the outlying tracts, it will be well to pay some 
regard to the writings which bear upon the physical history of the 
district. 

In the ‘Lonsdale Magazine’ for the year 1820* appeared a 
noteworthy communication entitled ‘ Remarks on the Succession of 
Rocks in the District of the Lakes,’ by Jonathan Otley. This 
article was, by degrees, expanded in the various editions of Otley’s 
well-known ‘Guide to the Lakes.’ I specially call attention to it, 
for, although Sedgwick fully acknowledged Otley’s work as the 
pioneer of Lake-District geology (thus, in a letter dated September 
10th, 1854, and published on p. 249 of the ‘ Life & Letters of the 
Rev. Adam Sedgwick,’? he writes, ‘He was the leader in all we 
know of the country’), it seems to me that the claims of the 
humble guide have been largely overlooked, owing to the brilliant 
powers of the late Woodwardian Professor. It gives me much 
pleasure to bear testimony from this Chair to the great value of 
the geological work of a very remarkable man. In the paper to 
which reference is made, Otley separates the three great groups of 
the Lower Paleozoic rocks of Lakeland, now known as the Skiddaw 
Slates, the Borrowdale Series, and the Upper Slates (from the base 
of the Coniston Limestone to the top of the Kirkby-Moor Flags). 
The last will, for convenience, be spoken of simply as*the Upper 
Slates, in the succeeding portions of this Address. ‘A bed of lime- 
stone,’ says Otley, ‘ forms an irregular circle round this mountainous 
or slaty district, intervening between that and what are called the 
coal measures,’ and he then traces the distribution of this lime- 
stone. Otley, therefore, recognized the circular mass of older rock 
surrounded by the ring of newer strata. 

The next important paper connected with our subject appeared in 
the Quarterly Journal of this Society in 1848.° It is by W. Hopkins, 
and is entitled ‘On the Elevation & Denudation of the District of 
the Lakes of Cumberland and Westmoreiand.’ In this paper the 
connexion between the geological structure and the radial drainage 


1 Vol. i, p. 483, 


* J. W. Clark & T. McK, Hughes, vol. i (1890) 8vo. Cambridge. 
2 Wollsniny, jos GO: 
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of the district is discussed. This radial drainage had, by the way, 
been admirably described many years previously in a ‘ Topographical 
Description of the Country of the English Lakes, by the poet 
Wordsworth, which appeared first as an essay in a rare work by 
the Rev. Joseph Wilkinson, was republished with his Sonnets to the 
Duddon and other poems in 1820, and subsequently in a ‘Complete 
Guide to the Lakes,’ published by J. Hudson, of Kendal. 

Hopkins argues that a series of dislocations was produced after 
the deposition of the Lower Paleozoic rocks, and before the depo- 
sition of the Carboniferous deposits on their eroded edges; that the 
surface of these denuded ancient deposits was approximately a 
plane horizontal surface upon which the Carboniferous rocks were laid 
down, covering the older rocks; and that, after other movements, 
the New-Red-Sandstone deposits covered, at any rate, the western 
and south-western portions of the district. He maintains that 
subsequently to the formation of the first set of dislocations another 
set was established, although he fails to find evidence showing the 
date of production of the second set. The formation of a dome is 
assigned to a period subsequent to the accumulation of the New Red 
Sandstone, and the significant remark appears that ‘ Stainmoor may 
not have finally emerged from the water till after the Tertiary 
Period.’ It is true that this late emergence seems to be suggested, 
in order to account for the distribution of the erratic blocks; but 
the fact that Hopkins believed in the possibility of very late move- 
ments in the district is worth noting. The character of the dome is 
described with great accuracy, and I quote this part of Hopkins’s 
paper at length, reproducing two of his diagrams (op. cit. p. 82). 
‘If we conceive,’ says he, ‘the surface of junction of the mountain limestone 
and other formations to be continued....over the central portion of our 
district, the elevation of this imaginary surface will represent that geological 
elevation which has given to the district its general external configuration, 
independently of local irregularities. This surface, if seen from a point 


Fig. 1. 


Kirkstone Fell. Lune valley. Howgil Fell. 


sufficiently distant on the west, would present the appearance of a flat dome ; 
and if seen from the south its outline would resemble that of the annexed 
diagram [fig. 1], which represents a section along the axis of the district from 
W.N.W. to E.S.E. Also the forin of the area of the district bears a general 


Mp. cit. p. 81, 
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resemblance to that of the following diagram [fig. 2]; and the dip of our 
imaginary stratum will be as represented at each point by the arrows. The 
tendency of this dip between Kirkstone Fell and the valley of the Lune, towards 


the N.E. on the north of the axis, and to the east of south on the south of the 
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axis, is owing to a declination in the axis itself from Kirkstone Fell to the 
valley of the Lune, as represented in the former of these diagrams. This, 
combined with the dip perpendicular to the axis, produces that represented in 
the figure.’ 

The dome as represented by Hopkins is, then, an asymmetrical 
one, formed round an axis running generally east and west. He 
refers the present drainage to the uplift modified by the dislocations, 
and the formation of the valleys to denudation. Many of Hopkins’s 
supposed faults are shown, as the result of detailed mapping, 
to be non-existent; but the general explanation of the drainage 
which is given in his paper is closely similar to that which has 
been subsequently offered, and it is clear that to Hopkins we owe 
the general explanation of the relationship between the dome-shaped 
uplift and the main radial drainage of the district. To Hopkins’s 
paper I shall recur in a later part of this Address. 

In a paper published in the ‘ Geological Magazine’ for 1879? 
by J. Clifton Ward, ‘On the Physical History of the English Lake 
District,’ that author also inclines to the view that the Lower 
Paleozoic rocks of the district were entirely covered by Carboniferous 
sediment, and that therefore the present land did not come into 
existence before New Red times. 

The late Mr. J. G. Goodchild, in a paper published in 1885,2. 
arrived at the same conclusion as did Hopkins, namely, that the 


uplift of the district was after New Red times. 


1 Dee. ii, vol. vi, pp. 49 & 110. 
* Trans. Cumberland & Westmorland Assoc. for the Advancement of Lit. & 


Sci. no. ix [1883-84] 1885, p. 31. 
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‘In no case that has come under my notice,’ says he (op. cit. p. 37), ‘does the 
dip, or present inclination, of the New Red fall short of the amount of 
inclination of the surface that rises from beneath it in the direction of the 
Lake District. The angle of the dip denotes the degree of tilting the rocks 
have undergone since they were laid down. Depress the inclined surtiace that 
rises from beneath the New Red sufficiently to level the newer rock, and you 
would lower the highest mountains of the Lake District far below the sea- 
level. In other words, to tilt the New Red to the angle it now lies at, the 
whole of the central core of Precarboniferous rocks had to be lifted up four or 
five thousand feet after the New Red was formed. That is to say, the upheaval 
that caused the tilting is of later date than the New Red,’ 


In a second paper, on ‘The History of the Eden & of some Rivers 
adjacent,’ } Mr. Goodchild further argued that the uplift of the Lake 
District was of Tertiary date, and that prior to this uplift the 
Cretaceous rocks had extended over the site of the district. 

In 1889, being then unaware of Mr. Goodchild’s conclusions, 
I suggested that the uplift which caused the present land-surface 
might have begun so lately as the Tertiary Period, and that it might 
be of the nature of a laccolitic dome. I gave further arguments 
in favour of these suggestions, in a paper on ‘ The Waterways of 
English Lakeland,’ which appeared in the ‘ Geographical Journal’ 
for 1896 (vol. vii, p. 602). Some of the views expressed in these 
papers have also been put forward by Mr. Strahan in the Geological 
Survey-Memoir treating of ‘The Geology of the Country around 
Kendal, Sedbergh, Bowness, & Tebay’ (2nd ed. 1888). 


The problems whieh are attacked in the papers to which allusion 
has been made are: (i) the nature of the uplift which produced the 
dome ; (ii) the age of the uplift; and (aii) the connexion of the 
radial drainage with that uplift. 

After the drainage was initiated, the production of the present 
features was largely controlled by the characters of the rocks which 
now form the central portion of the district ; and it is my object to 
show that the present drainage has been modified owing to these 
characters, although portions of the early drainage impressed upon 
rocks newer than the Lower Paleozoic strata may still be detected. 
The district is comparable to a palimpsest, or, more correctly, might 
be likened to a tablet once covered with wax, through which lines 
were impressed by a style, and after the removal of the wax a fresh 
set of lines has been engraved upon the actual surface of the tablet, 
which, however, has not completely obliterated the earlier set. 

When discussing this portion of my subject I shall have occasion 

1 Trans. Cumb, & Westm. Assoc, no, xiv (1888-89) p. 73, 
2 Geol. Mag. dee. iii, vol. vi, p. 150. 
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to draw attention, not only to the composition of the rocks (which 
is responsible for the three different types of scenery marking the 
tracts occupied by the Skiddaw Slates, the rocks of the Borrowdale 
Series, and the Upper Slates respectively), but also to certain planes 
and belts of weakness which are particularly noticeable among the 
rocks of the Borrowdale Series. These belts are largely due, at 
any rate, to the movements which affected the district in Devonian 
times. Their nature, so far as [ understand them, has been grasped 
owing to detailed work among the old rocks, armed with the 
knowledge supplied by previous writers, and especially owing to 
the publication of the various maps and memoirs of the Geological 
Survey. Especially significant are three sets of lines traced in 
detail upon the Government geological maps, namely: the line which 
separates the Skiddaw Slates from the Borrowdale Series, chiefly 
mapped by Clifton Ward; that between the Coniston Flags and 
the Coniston Grits; and those which cut across and displace the 
Coniston Limestone, and disappear against the second line. The 
accurate mapping of these was largely due to W. Talbot Aveline 
and the surveyors who worked under him. 

Of late years the significance of these lines has been impressed 
upon my colleague Mr. Harker and myself, and a brief sketch of 
our views with regard to them has been published in a paper 
entitled ‘Notes on the Geology of the English Lake District,’} 
I may be pardoned for stating that the clue to their significance 
was first obtained by me, as the result of the detailed working-out 
of the fossil zones of the Stockdale Shales. This work, of a purely- 
stratigraphical character, in fact, led me directly to prosecute the 
studies upon the physical history of the district of which the present 
Address is the outcome, and I mention it to show the importance 
of detailed geological work to the geographer. 


With these brief references to previously-published work, I 
may now proceed to consider the subject of my Address under the 
following heads :— 


i, Events prior to the uplift which produced the dome, 
ii. Production of the dome. 
iii. Initiation of the drainage-lines. 
iv. Effects of the three types of rock upon the scenery. 
v. Modification of the old drainage-lines along shatter-belts. 
vi. Depression of the outskirts of the district. 
vii, Effects of meteorological conditions: (1) hill-outlines; (2) the 
Glacial Period. 
viii. Conclusion. 


* Proc, Geol. Assoc. vol. xvi (1900) p. 449, 
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I. Events prion to ran UpLrer wHicn pRopUCED THE Domr. 
(a) The Formation of the Lower Palzeozoic Rocks. 


The formation of these rocks is important, in so far as their 
lithological characters affect the present features of the district. The 
division into three main groups—the Skiddaw Slates, Borrowdale 
Series, and Upper Slates——-has already been mentioned, and we 
need here note only the dominant characters of the rocks of each of 
these divisions. The thickness of the rocks of the divisions is still 
doubtful, and only concerns us indirectly. Clifton Ward estimated 
the thickness of the Skiddaw Slates at 10,000 to 12,000 feet, that of 
the Borrowdale Series at about 12,000 feet, and that of the Upper 
Slates at not less than 14,000 feet; and, although other estimates 
differ considerably from these, the figures here quoted will suffice 
for our purpose. 


The Skiddaw Slates.—The rocks of this group are essen- 
tially argillaceous. Massive grits of no great thickness are of little 
importance in connexion with our present subject; and, although 
some of the lower beds towards the north-west of the area contain 
a quantity of arenaceous material through considerable thicknesses 
of strata, these strata are as a rule finely laminated, differing, so 
far as their effects upon the surface-features are concerned, in no 
very marked degree from the more purely-argillaceous deposits. 
From the physiographical standpoint, general uniformity of char- 
acter marks the Skiddaw Slates. 


The Borrowdale Series.—Not only are the rocks of this 
series, on the whole, harder than those of the Skiddaw Slates, but 
there is rapid alternation of more and less resistant bands often of 
considerable thickness, and it is necessary to pay more attention 
to the variations in the characters of the rocks. Mr. Harker and 
I have divided them as follows, in descending order :— 


Shap Rhyolites. 

Shap Andesites. 

Scawfell Banded Ashes and Breccias = Kentmere-Coniston Slate-Band. 
Sty-Head Group.' 

Ullswater Basic Lava-Group=Eycott Group. 

Falcon-Crag and Bleaberry-Fell Andesites. 


1 In my ‘ Notes on the Geology of the English Lake District’ (Proc. Geol. 
Assoc. vol. xvi, 1900), I referred to these rocks under the title ‘ Garnet-bearing 
Rocks below the Banded Ashes of Scawfell’ as doubtfully intrusive, being 
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The Falcon-Crag Group,' so far as I know, only occurs in force 
in a roughly-triangular tract lying east of Derwentwater, between 
that lake and the Thirlmere Valley. The rocks consist usually of 
rather thin, often vesicular, lavas alternating with ashes; but a few 
more massive lavas also occur, as well as some thick accumulations 
of coarse breccia. 

The Ullswater Basic Group is more widely spread, forming a 
very irregular semi-ellipse on the east, north, and west of the 
Scawfell Ashes of the central group of fells. The lavas are, on 
the whole, more massive than those of the underlying Falcon-Crag 
Group, otherwise there is little difference between the rocks of the 
two groups. The reasons for our identification of the well-known 
rocks of Eycott Hill with this group are given in brief in the 
‘ Notes’ already cited. 

The Sty-Head Group has a more restricted distribution, being 
found chiefly on the north and west, and in a smaller degree on the 
south of the Scawfell cluster of fells. The rocks, consisting of 
lavas, ashes, and breccias, are marked by their massive character, 
although this is no doubt largely due to their subsequent alteration. 

The succeeding group occurs in two forms, owing to difference 
in the type of alteration which they have subsequently undergone. 
They are essentially pyroclastic, lavas being so scarce that they 
may here be ignored, and the rocks consist of alternations of finely- 
laminated voleanic dust and coarser breccias. In the central fells 
of the Scawfell group, and to a less degree elsewhere, they have 
been changed into rocks which may be described as hornstones; 
while, in the band which runs from Coniston to the neighbourhood 
of Shap, they are well cleaved, and give rise to roofing-slates. 

The Shap Andesites are chiefly thin vesicular lavas, interbedded 
with ashes, and call for no further notice. 

The Shap Rhyolites, again, are of little importance to the present 
subject, save in the neighbourhood of Coniston, where a massive 


misled by the occurrence of some undoubtedly-intrusive rocks of the same 
general characters in Borrowdale. My colleague Mr. Harker was, I believe, 
always of the opinion that they were contemporaneous; and the contem- 
poraneous date of the great mass of the rocks lying below the Scawfell Ash- 
Group has been established beyond doubt by the late E. E. Walker, in his paper 
‘On the Garnet-bearing & Associated Rocks of the Borrowdale Volcanic Series ’ 
(Quart. Journ. Geol. Soc. vol. 1x, 1904, p. 70). 

‘ A provisional map of the volcanic rocks of the district, by Mr. Harker 
and myself, will be found appended to the report of the Long Excursion to 
Keswick, Proc, Geol. Assoc. vol. xvi (1900) pl. xii, facing p. 526. 
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rhyolitic brececia—the Yewdale Breccia of Clifton Ward—stands 
out prominently. 

The Buttermere Granophyre and some sills and dykes, chiefly 
occurring in and around the central fells, are probably of Ordo- 
vician age; and the Eskdale Granite may be of that age, though 
possibly newer. 


The Upper Slates.—The sedimentary formations grouped in 
this division recall, in some respects, the Skiddaw Slates. It is 
true that there is a greater variation in the lithological characters, 
as indicated by such names as Coniston Limestone, Coniston Flags, 
and Coniston Grits; but, owing no doubt to subsequent change, 
the contrast between the parts marked by flags and grits is not so 
great as might be expected. As in the case of the Skiddaw Slates, 
the country is marked by a general uniformity of outline. 


(5) The Movements at the End of Lower Paleozoic Times 
and their Effects upon the Rocks. 


As it is my object to show that many of the modifications 
produced in the district, after the initiation of the drainage at a 
much later period than that which we are now considering, owe 
their character to the changes produced in the rocks in Old-Red- 
Sandstone times, it is necessary to pay close attention to the 
nature of these changes. 

So far as the present lie of the older rocks of the area is 
concerned, the existence of an anticlinal axis running in a general 
east-north-easterly and west-south-westerly direction through the 
Skiddaw Slates of the Skiddaw group of fells is a sufficient ex- 
planation, for the Borrowdale Series of rocks dips away from the 
Skiddaw Slates in a general northerly direction north of this fell- 
group and in a southerly direction south of the group. So far 
as the district is concerned, this axis is exceutric; and accordingly 
the Borrowdale Series of rocks is soon succeeded unconformably by 
the Carboniferous rocks on the north, while the latter rocks do not 
appear on the south until we have traversed many miles of the 
rocks of the Upper Slate-Group. 

But, although this general anticlinal structure explains the pre- 
sent lie of the rocks, there are many complications which produce 
a marked effect upon the physiography. It is therefore necessary 
to give an outline of the views of Mr. Harker and myself on the 


f2 
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structure of the area: although, as I have already stated them in 
the ‘Notes’ to which reference has been made, the outline may 
be brief. 


It is now generally conceded that the junction between the 
Skiddaw Slates and the Borrowdale Series of rocks is, in nearly 
all cases, faulted, and that the fault-plane has an inclination 
approaching the horizontal, This is abundantly evident from an 
examination of Clifton Ward’s maps, and the low angle of the 
plane of junction was recognized by Mr. Dakyns so far back as 
1869. We have reasons for supposing, however, that this plane is 
not one of overthrust, but that an overthrust occurs at a lower 
position; namely, at the base of the Skiddaw Slates, and is therefore 
but little exposed in the district ; although we refer the position of 
the Drygill Shales of Caradoc age, among the older rocks of the 
Caldbeck Fells, to the action along this overthrust. According to 
our views, the rocks of the district have been pushed in a general 
northerly direction along this plane, and the greatest movement. 
occurred in the Skiddaw Slates; while the rocks of the Borrowdale 
Series, though moving northward, lagged behind the Skiddaw 
Slates, and the Upper Slates in turn lagged behind the rocks 
of the Borrowdale Series. We have, therefore, described the 
fault which separates the Skiddaw Slates from the Borrowdale 
Series of rocks, and another with higher inclination which we 
believe to occur between the Borrowdale Series of rocks and 
the Upper Slates, as ‘lag-faults.’ So far as the present physical 
features are concerned, the question as to whether these faults are 
overthrusts or lag-faults is unimportant. The part played by 
another set of faults, to which we referred as ‘ tear-faults,’ in 
controlling the production of some of the physical features of the 
district is, on the contrary, of very great import; and some attention 
must here be devoted to the nature and extent of these ‘ tear-faults,” 
which appear to correspond with the blitter of Suess, 


One may regard the rocks of the three divisions as three strips 
moving onward during the period of earth-movements, and each 
of these strips is divisible into minor bands, which are specially 
marked in the case of the rocks of the Borrowdale Series and of the 
Upper Slate-Group. But different parts of the same strip moved 
at different rates, and where the rocks were too rigid to adapt 
themselves to the different rates by bending, one portion of a strip 


Vol. 62.] ANNIVERSARY ADDRESS OF THE PRESIDENT. Ixxyl 


was torn away from the other along these tear-belts. Evidence of 
this action is given in my ‘ Notes,’ in the case of the well-marked 
faults which affect the Coniston Limestone between Windermere 
and Coniston Lakes; but perhaps the most striking proof of the 
existence of these ‘tears’ is furnished by the outcrop of the 
Armboth dyke between Borrowdale and Thirlmere. This dyke is 
seen to be vertical on Fisher Crag. A tear-fault runs along Fisher 
Gill which shifts the dyke for nearly a quarter of a mile to the 
north-east, and a similar shift is caused by another tear along 
Middlestead Gill. 

With such a movement as that above noticed a simple straight 
cut is unlikely to occur ; the action really is more akin to a tearing 
of the rocks, and accordingly the tear-faults are usually belts of 
much broken rock. 

In my paper on ‘The Waterways of English Lakeland,’ I 
described in detail one of these belts in routveck, which, as the 
result of detailed mapping of the zones of the Stockdale Shales, was 
found to be occupied by a series of faults of different sizes cutting 
the rocks into blocks so as to form a gigantic fault-breccia. Of such 
a belt of broken rock, produced by horizontal, or nearly horizontal, 
movement in a more or less vertical plane, I propose to speak for 
convenience as a ‘ shatter-belt.’ Although many of these shatter- 
belts occur along the lines of ‘tear-faults,’ it must not be supposed 
that permanent displacement of the rocks at the sides accompanies 
all or even the majority of the belts. Many of them show no signs 
of faulting, and were probably produced by temporary movement, 
which, on its cessation, left the rocks in their original positions. 
I propose to discuss later the importance of these shatter-belts in 
producing modifications of the surface-features. At present, I confine 
myself to an account of their characters and general distribution. 

In the paper referred to above I suggested that the ‘cleft of 
Dunmail Raise and the valleys of Thirlmere and Grasmere, which 
run north and south from that cleft, are apparently due to a belt of 
shattered rock,’* and stated that I was led to believe that many 
of the minor valleys of the volcanic tract of the Borrowdale Series 
had been formed along similar belts, and not along simple fractures. 
Since this paper was written I have paid more attention to these 
belts, and find it easy to recognize them in the volcanic tract, 
where they are very abundant and of varying width and length. 


1 Geogr. Journ, vol. vii (1896) p. 602. 
2 Op. cit. p. 612. 


xxviii PROCEEDINGS OF THE GEOLOGICAL soctety. [May 1906 


More than once have the Lower Palwozoic rocks of portions of 
the district been covered by red sandstones, and waters impregnated 
with iron-peroxide have filtered into the older rocks beneath. 
Where these rocks are comparatively unbroken heematite-staining 
usually occurs as a mere film on joint-planes ; but where extensive 
fracture has taken place along ‘lags ’ or ‘tears,’ the rocks of the 
fractured belts are generally more or less stained throughout with 
hematite. Accordingly, when extensive hematite-staining is. 
observed, a fault of the lag or tear-type may be suspected. The 
lowly-inclined lag-fault material does not, as a general rule, 
produce any marked feature, whereas the vertical or highly-inclined 
shatter-belts of the tear-faults are readily affected by denuding 
agents, and are very frequently (as will be ultimately seen) occupied 
by gorges or portions of large valleys. On examining the tract 
occupied by these gorges, the rocks between one gorge and another 
are frequently found to be fresh and unstained; while the raddled 
rock of the gorges is seen to be shattered by innumerable fissures, 
large and small. Nowhere is this more clearly seen than on the 
small plateau of the Scawfell region which lies north of Great 

_End, known as Seathwaite Fell, on which are situate Sprinkling 
Tarn and a number of minor pools. The more or less flinty banded 
ashes of this Fell, dipping at a low angle, run in unbroken scarps of 
hard rock for some distance, when they suddenly change on the 
appearance of one of the shatter-belts. Two marked sets of these 
belts here run approximately at right angles. One, to be noticed 
more fully later, is marked by the upper part of Ruddy Gill draining 
into Grainsgill, and farther west by the stream which flows into 
Sty-Head Tarn. This belt has a general west-north-westerly and 
east-south-easterly direction. 

Along a belt belonging to the other set, which runs from south- 
south-west to north-north-east, is a lower portion of the Ruddy-Gill 
stream. Nothing can be more marked than the contrast between 
the bare grey crags of the plateau and the shattered rocks of this 
portion of Ruddy Gill, glowing purple-red, and setting off to 
advantage the rich greens of the ferns, bilberry, Alpine ladies’ 
mantle, rose-root, and kidney-leaved sorrel, which flourish in the 
rich soil of this easily-disintegrated belt. 


Let us pass on now to a consideration of the distribution of these 
belts. Minor belts seem to be generally distributed throughout the 
Lower Palzozoic rocks of the district, but there are three very 
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important ones, the extent of which must be more particularly 
noticed. The first of these seems to terminate on the east in Great 
Langdale, near the tarn of Elterwater. In a westerly direction it 
is traceable up Little Langdale, and over Wrynose Pass across the 
Duddon Valley, and thence over Hardknott. It then runs along 
part of the Eskdale Valley to Eskdale Green, and passes over a 
depression north of Muncaster Fell to Miterdale, where it is lost 
in the alluvium along the lower part of that valley. This belt has. 
an east-north-easterly to west-south-westerly trend, and the total 
distance along which it is traceable is about 15 miles. The character 
of the rocks in this belt is well shown in Wrynose and Hardknott 
passes. 

The second belt has already been briefly mentioned as running 
through Dunmail Raise. It seems to start from near the eastern 
termination of the belt described above, and runs towards the 
north-north-west. Tracing it northwards from Great Langdale, it 
passes through the depression of Red Bank between Langdale and 
Grasmere, thence up the Grasmere Valley to Dunmail Raise, down 
the Thirlmere Valley and along Naddle Beck, and is probably 
continued through the Skiddaw Slates of the Glenderaterra Valley . 
between Skiddaw and Saddleback, along a total distance of nearly 
20 miles. 

The third belt leaves the first at a point about 4 miles west of 
that from which the second diverges, namely, near Little Langdale 
Tarn. Thence it is traceable north-westward through a depres- 
sion on the north side of Lingmoor above Blea-Tarn House (where 
the feature caused by it was pointed out to me some years ago 
by Lord Avebury), and over the col into Great Langdale, thence 
up the Mickleden fork of that valley, over Rossett Gill, past Angle, 
Sprinkling, and Sty-Head Tarns (where it has already been noticed), 
through Windy Gap between Great and Green Gable and thence 
down a stream which forms one of the headwaters of the Enner- 
dale drainage. Its total length is about 11 miles. 

Of the minor belts, those most readily studied are among the 
great mass of highly-altered ashes and breccias of the Scawfell 
Group in the central fells, Scawfell and its neighbours. Probably 
they are actually more numerous here, owing to the greater rigidity 
of the rocks of this tract than of those of others ; but they are also. 
more easy to detect, owing to the marked contrast between the 
rotten rocks of the belts and the fresh unweathered rocks of the 
interspaces between belt and belt. 
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As regards their age, the evidence is in favour of the greater 
number having been produced in Devonian times. The more 
easy detection of those in the centre of the district might be 
regarded as a proof that they were actually more abundant there, 
and that they were produced, during the later movements which 
caused the dome, as radial cracks from the centre; but they do not 
appear to have any radial arrangement. On the contrary, the more 
usual trends are in two directions roughly at right angles, namely, 
about north-north-west to south-south-east and east-north-east to 
west-south-west, corresponding with the general dip and strike of 
the Lower Paleozoic rocks produced in Devonian times ; while the 
three dominant belts, the trend of which has been noticed in detail, 
radiate from a tract where the strike of the rock changes rather 
abruptly from east-north-east and west-south-west to north-east 
and south-west. 

Detailed examination of some of the belts shows that the 
fracture of the rock was often accompanied by other changes, 
similar to those which can be proved to have taken place in 
Devonian times. A well-marked belt runs up Raise Gill to the 
east of Watendlath Tarn. ‘The rocks along this have been, in some 
cases, crushed into a mylonitic mass, the porphyritic felspars being 
flattened into flaky patches; cleavage-planes have been formed, 
and these in places chevron-folded; and a development of sericitic 
mica has been set up along the planes. 

The evidence, then, is in favour of the bulk of these shatter-belts 
being along tear-faults. Most of the mineral lodes inserted on the 
maps of the Geological Survey have been formed along these belts, 
though occasionally a lode is found along the more horizontal 
lag-faults. But an examination of the lodes on the map gives a 
good idea of the general distribution of the shatter-belts, though, 
of course, a large proportion of the belts do not contain sufficient 
ore to allow of their representation as lodes. 

Owing to the lag- and tear-faults the district is cut up into 
blocks of rock of a more or less rhomboidal nature. These rhom- 
boidal blocks are of all sizes, from masses several miles long to the 
fragments of an incipient fault-breccia. In the case of the breccias 
rounding has often gone on to such an extent as to produce fault- 
conglomerates; and the same seems to have been produced on a 
somewhat larger scale, leaving ‘eyes’ of hard rock surrounded by 
broken material. Hence, it is only where the rocks have been 
slightly affected by movement (as in the Eycott Group on the north 
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of the anticline and in the Faleon-Crag Group on the south), or where 
the rocks have been exceptionally resistant, that continuous outcrops 
are traceable. Elsewhere the outcrops often occur in eye-like 
patches surrounded by vegetation. 

Of other changes which took place during this period little need 
be said. It has already been stated that the Ennerdale Granophyre 
and perhaps the Eskdale Granite are apparently of the age of the 
Borrowdale Group. Igneous rocks were certainly forced among 
the Lower Paleozoic rocks in Devonian ;times—for instance, the 
granites of Skiddaw and Shap; but the exposed area of these rocks 
and of the rocks which have been affected by their metamorphism 
is too small to produce much effect upon the present physiography. 


The wide distribution of the cleavage impressed on the old rocks 
of the district in Devonian times is well known. Along two belts 
it is especially prominent, and in the northerly belt especially it is 
somewhat oblique to the strike of the beds. Each belt is in the 
rocks of the Borrowdale Series. The northerly one begins just east 
of Borrowdale near Lowdore, passes through Castle Crag over 
Scawdel and through Honister Crag. The southerly one is much 
more extensive: starting in Wet Sleddale near Shap, it crosses the 
valleys of Long Sleddale, Kentmere, and Troutbeck, past Rydal and 
the Langdale vaileys, Tilberthwaite, and the summit of Coniston 
Old Man, to die out in the Duddon Valley. Important as these belts 
are geologically, the rocks in them do not profoundly affect the 
physical geography of the district. Here and there depressions 
have been worn along them, but they usually traverse hill and 
dale alike, as is well seen in the Coniston group of fells. 

The date of the peculiarly-flinty type of alteration which affects 
the rocks of the Scawfell group of fells is not yet determined, 
nor has the cause of the alteration been actually settled. The 
occurrence of violently-folded structures and brecciation in the 
banded ashes of these flinty rocks and of the slate-belts alike, 
and their similarity to structures in some of the Upper Slates, points 
to the folding and fracture being in the three cases post-Silurian ; 
and as this folding and fracture certainly occurred before the flinty 
alteration of the rocks, the probability is that this alteration is also 
post-Silurian. Whatever its date, its occurrence is very important in 
determining the detailed structure of the Scawfell group of fells. 

It is well known that, during the period of the Devonian move- 
ments, the rocks of the Lake District were subjected to extensive 
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denudation, with the consequence that the Upper Paleozoic rocks 
rest upon the upturned and eroded edges of the older rocks, over- 
lapping them to rest on rocks of all ages—from Arenig to Upper 
Ludlow. The amount of material removed from the centre of the 
arch at this period must have been over 20,000, nay, perhaps over 
30,000 feet. 

That the surface was for some time uneven is probably indicated 
by the sudden expansion of the Old-Red-Sandstone rocks in the 
neighbourhood of Ullswater, which (as has been suggested by many 
writers) were probably deposited in an old valley. But, as the 
result of continuous erosion and the filling-in of the deeper 
depressions by the Old Red Conglomerate, a comparatively-level 
surface was produced, which is still marked along the Pennine 
Chain east of Appleby, and especially in the Ingleborough district, 
where it has not been affected by the later movement that 
produced the Lake-District dome. The former general evenness of 
“the surface in the Lake District itself is indicated by the very 
gradual changes in the level of the old basement-plane between 
Carboniferous and older rocks, changes which coincide with those in 
the inclination of the Carboniferous strata themselves. 


(c) The Formation of the Carboniferous Rocks. 


As bearing upon the question of the former extension of Carboni- 
ferous rocks over the site of the Lake District, the existence of 
’ a group of rocks on the eastern side of the district of earlier age 
than the basement-rocks found in the Ingleborough area is of 
interest. The Shap Limestone there occurs below the Knipe-Scar 
Limestone, which (with some higher beds) is referred by the officers 
of the Geological Survey to the Melmerby-Scar Limestone, in turn 


‘ I speak of these rocks as Old Red Sandstone, the geological group 
to which they were assigned by the earlier writers on the district. It has 
recently become the fashion to term them basement Carboniferous. In 
the absence of fossils the exact date cannot be determined, but the rapid 
changes in their thickness, and especially the occurrence of another uncon- 
formity above them, marked by the existence of a conglomerate-rock with 
quartz-pebbles, whereas the conglomerates of the Old Red are polygenetic 
(composed of pebbles of Silurian grits, and more rarely limestones and volcanic 
rocks and Skiddaw Slate), suggest that some time elapsed between the formation 
of these rocks and the true basal Carboniferous deposits. Their lithological 
characters are certainly suggestive of Old Red Sandstone, and physically the 
base of the old Carboniferous plane is connected with the quartz-pebble- 
bearing conglomerate and not with that of the polygenetic conglomerate. 
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correlated with the Lower Scar Limestone of Ingleborough, the basal 
Carboniferous deposit over the greater part of that region. 

Study of the fossils by Prof. Garwood bears out this view. It 
would seem, then, that so far from the Lake District having been an 
island in early Carboniferous times, its eastern part, at any rate, 
was submerged before the tract of land lying farther to the east 
and south. 

Upon these early beds were deposited the great mass of Lower 
Carboniferous rocks, consisting of limestones and shales, and 
subsequently the Millstone Grit and Coal-Measures of Upper 
Carboniferous times. Had the district existed as land during the 
deposition of the Lower Carboniferous beds, one would certainly 
expect to find more detrital material in these rocks surrounding 
the district than is actually the case. 


(d) The Movements at the End of Carboniterous Times and 
Accumulation of the Permo-Triassic Rocks. 


Ere the deposition of any Permian rocks in the North of England, 
upheaval and denudation took place through Permo-Carboniferous 
times (and probably also during the closing stages of the Carboni- 
ferous Period), and profoundly affected the conditions in the 
Lakeland area. The earth-movement gave rise to the Pennine 
anticline with its general north-and-south trend, and to the 
complex anticline with an east-and-west axis passing through 
North Lancashire and North-West Yorkshire. As the result of 
these movements and the accompanying denudation, the Lower 
Carboniferous rocks of Northern England were arranged in a 
cruciform manner, with coalfields between the arms of the cross— 
the Northumbrian field on the north-east, that of Yorkshire, Derby- 
shire, and Nottinghamshire on the south-east, that of Lancashire 
and North Staffordshire on the south-west, and that of Cumberland 
on the north-west. The movement was (at first) no doubt chiefly 
responsible for the production of folding of the strata, although 
even then subsidiary faulting probably occurred; but there is still 
a difference of opinion as to the period of important movement 
along the lines of the great faults which are found in the neigh- 
bourhood of Lakeland. 

About the period of deposition of the earliest Permian rocks of 
the area faulting became an important factor, and the North of 
England seems to have been cut up into blocks with the depressions, 
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in which the New-Red-Sandstone deposits were at first mainly 
formed, abutting against the block-hills. Prof. P. #. Kendall has 
given evidence of the nature of the movement along the Pennine 
fault in Permian times.! So far as the Northern Pennines are 
concerned the fold was of the nature of a very asymmetrical arch 
and trough with a steep middle limb inclined to the west, from the 
top of which the strata dipped eastward at a gentle angle and from 
the base of which they rose also at a gentle angle to the west. 
Along the Pennine fold the Lower Paleozoic rocks of the Crossfell 
Inlier may, as Prof. Kendall suggests, have been exposed by denu- 
dation, West of the Lake District they certainly were so exposed 
in Triassic times, as shown by the present repose of rocks of that 
age on the Lower Paleozoic rocks between St. Bees and the country 
north-west of the Duddon estuary. 

Throughout Permo-Triassic times movement may have taken 
place along the Pennine, Dent, and Craven Faults—in the case of 
the first two in connexion with the north-and-south Pennine axis, and 
in that of the third in connexion with the axis which runs east and 
west. That movement did take place along the Pennine and Craven 
Faults after the deposition of the Permian rocks is shown by the 
fact that these rocks abut against the Carboniferous along the 
Pennine Fault, and also along the Craven Fault near Ingleton ; 
while the abrupt truncation of the Dent Fault by the Craven Fault 
indicates that the formation of the former was anterior to that of 
the latter. 

Notwithstanding these movements, it is very doubtful whether 
any portion of the Lake District or of the Pennine Chain projected 
above the Permo-Triassic rocks at the end of Permo-Triassic 
times, for we have seen that the evidence furnished by the 
lithological characters and the present dip of the Carboniferous 
rocks indicates that they once extended over the district, as argued 
by Hopkins ; and where these Carboniferous rocks were removed 
by denudation along the western margin of the district between 
St. Bees and the Duddon estuary in pre-Triassic times, the dip of 
the Triassic rocks (if continued eastward) would carry them over the 
district, as was also argued by Hopkins. There seems every reason 
to suppose that, at the close of the Triassic Period, the Lower Palxo- 
zoic rocks of Lakeland were buried beneath a cover of newer rocks 
of Carboniferous age and New-Red-Sandstone age. There certainly 


* Rep. Brit Assoc. 1902 (Belfast) p. 604, & Geol. Mag. dec. iv, vol. ix 
(1902) p. 510. 
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appears to be no evidence pointing to the formation of the dome in 
Triassic times. Indeed, the probability is that the whole of the 
North of England was covered with Triassic rocks at the end of that 
time. The similarity between the Triassic rocks on the two sides 
of the Pennine Chain is sufficient to indicate that they were formed 
under very similar conditions and in one physiographical region. I 
shall eventually argue that important movement took place along 
the Pennine Fault in post-Triassic times, sufficient to elevate the 
Pennine Carboniferous rocks into a ridge, of which the present 
chain is the relic. If this ridge were depressed to the level 
which it occupied before the later faulting, a comparatively-level 
tract would be produced, over which the Triassic rocks might well 
have extended. 


II. Propvorron or rap Dome. 


In discussing the changes which occurred in and around our area 
during the deposition of the Jurassic, Cretaceous, and Eocene rocks 
of Britain, it is necessary to pay regard to some of the features 
presented by areas somewhat remote from that which we are 
specially considering. 

Leaving out of account the east-and-west strike of the 
Mesozoic rocks of East Yorkshire, the rocks of this date east of the 
Pennine Chain have a north-and-south strike with an easterly dip, 
the strike being parallel with that of the axis of the Pennine Chain 
itself. They have been described by Prof. W. M. Davis as giving 
rise to a coastal plain abutting against the Pennine Chain. But I 
can find no evidence of the existence of this chain when they were 
deposited. If it existed, the dip should be due, not to earth- 
movement, but to deposition along a sloping shore falling eastward ; 
in which case the deposits should show distinct indications of an 
approach to land when traced westward. Surely, for instance, the 
Chalk would have some of the detrital matter derived from the 
Pennine Chain. But, even if this were not the case, the evidence is 
allin favour of the dip of these rocks being due to subsequent move- 
ment, and not to deposition on a sea-floor sloping eastward. Now, 
the junction between the Trias and the Lias near Middlesborough 
is about 40 miles distant from the watershed of the Pennine Chain 
immediately to its west. If we suppose that the dip of the plane 
separating the Lias from the Trias is only 1°, and restore the old 
surface to the west, assuming that the dip still remains at 1°, this 
would carry the position of the plane above the watershed of the 
Pennines to a vertical height of nearly a mile above sea-level. 
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(See p. lwavevit.) 


‘ig. 3.—Deagrammate section across Edenside, from the north of the Lake District to the Pennine range. 
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Assuming, therefore, that the plane 
of deposit of the Rhetic beds was 
originally horizontal, the junction be- 
tween Rhetic and Triassic rocks, if 
they had been affected by uplift in one 
direction and no denudation had taken 
place, would be high above sea-level 
near Carlisle. Nevertheless, we actually 
find Rhetic deposits to the west of 
Carlisle nearly at sea-level. How did 
they get there? In order to answer 
this question, let us consider the outcrop 
of the Rhetic in the northern part of 
our island. The outcrop, on the whole, 
passes southward from near Middles- 
borough through Yorkshire, Lincoln- 
shire, and Leicestershire, parallel to the 
trend of the Pennines. But, on the 
other side of the Pennines, almost due 
south of the Carlisle outlier of Rhetic 
deposits, is another occupying a tract of 
country east of Wem and Whitchurch 
in Shropshire; and these outliers occur 
in the tract of country which, apart 
from the Lake-District dome, is occu- 
pied by a continuous belt of New-Red- 
Sandstone rock. 

If, then, the rocks of these outliers 
were originally deposited at the same 
level as the contemporaneous rocks of 
the main outcrop, and as they are still 
much at the level of the rocks of that 
outcrop, the original plane on which 
the Rhetics were deposited must have 
been deformed by an anticlinal fold, or 
by a fault, to carry part of it over the 
present top of the Pennine range. 

The St. Bees Sandstone abuts against 
the Lower Paleozoic and Carboniferous 
rocks at the Pennine Fault; so there 
has evidently been movement along that 
fault since the formation of the St. Bees. 
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Sandstone, letting down the newer rocks of Edenside on the 
downthrow side to the west of the fracture. This fault, which is 
seen to be partly of a date subsequent to the accumulation of the 
St. Bees Sandstone, would, if it had undergone movement in post- 
Rheetic times, account for the existence of the Rhetic outlier to the 
west of Carlisle. 

Let us now consider the Lake-District rocks in relationship to this 
Rhetic outher. A section drawn ina north-easterly direction, from 
the Lake-District Fells near Crummock across the Rhetic outlier 
of Carlisle, and then east to the Pennine Chain, is reproduced in fig. 3 
(p. Ixxxvi). Leaving the faults out of consideration, for they are 
but subsidiary to the folds, the rocks of Edenside* lie in a syncline 
between the older rocks of the Pennine Chain and of Lakeland, the 
newest rocks of the syncline being the Rheetic deposits to which 
reference has been made. ‘The folding, therefore, is in part post- 
Rhetic. But the north-eastern slopes of the Lake District form the 
middle limb common to the Edenside syncline and the Lake-District 
dome: consequently the age of the uplift which formed the dome is, 
in part at any rate, post-Rheetic. 

These Rhetic rocks elsewhere in Britain are succeeded by the 
whole of the deposits of the Jurassic System, formed at a time 
during which there is no evidence of great movements in the British 
area such as would have formed the dome. The only marked break 
in Britain’ among the Mesozoic rocks above the Kheetic beds is that 
of Middle Cretaceous times. The uplift, then, might have occurred 
in the Middle Cretaceous period. But the lie of the Chalk in the 
North-East of Ireland and in Yorkshire respectively seems to 
necessitate the formation of an intervening anticline in times sub- 
sequent to the Chalk. In fact, the arguments previously advanced 
in the case of the Rheetic strata on opposite sides of the Pennines 
apply also to the Chalk, which probably occupies part of the Irish 
Sea, as suggested by the abundant chalk-flints which were dispersed 
southward in Glacial times. 

Again, the uplift at the end of Cretaceous times over our islands 
does not appear to have given rise to great elevations, the uncon- 
formity between Cretaceous and Eocene rocks when seen being some- 
what trivial. It is quite possible, therefore, that what is now the 
Lake District and adjoining country was at one time covered by 
rocks of later Mesozoic and early Tertiary age, for the great move- 


1 A term used by the late Mr. J. G. Goodchild for the physiographic lowlands 
between the Lake-District and Pennine uplands, of which the actual Eden 
Valley forms but a portion. 
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ments which produced so marked an effect upon Britain culminated, 
as generally recognized, in Miocene times. This I believe to have 
been the date of the uplift which formed the Lake-District dome, and 
I propose to put forward reasons other than those above advanced 
in favour of this. 


Let us for the moment consider the geology of England as a 
whole. As I have elsewhere remarked, 


‘the shape of England is roughly an isosceles triangle with a base extending 
from Northumberland to Cornwall and the apex on the coast of Kent. The 
position of the base is due to the uplift of Palzozoie rocks, to the west and 
north of England, whilst the position of the two sides is owing to the strike of 
the Mesozoic and later rocks, with a general northerly trend to the north anda 
westerly trend to the south,’ ? 


the portion of the island next the apex being, in fact, composed of 
Mesozoic rocks, with a mean strike parallel to the direction of the 
base. 


‘ Examination of the geology of England in fact indicates that had the Miocene 
tilt been in an opposite direction, giving the newer strata a [north] westerly 
dip instead of a [south] easterly one, the Highlands of Britain would be on the 
[south] east side, the Mesozoic rocks would be denuded there, and the London 
ridge and similar ridges now buried beneath newer deposits would form a hilly 
country occupied by the more ancient formations, whilst the [North and] West 
of England, and possibly Scotland and Ireland, would consist of low ground 
formed of a peneplain of old rocks, or more probably of Triassic beds and even 
later deposits, possibly as modern as the Cretaceous and Eocene beds.’ (Op. cit, 
p- 280.) 


Prof, Judd, after describing the present distribution of the newer 
rocks of Western Scotland, remarks : 


‘In the face of these facts, I believe that is impossible to avoid the conclusion 
that the whole of the north and north-western portions of the British Archi- 
pelago—now sculptured by denudation into a rugged mountain-land—were, 
like the south and south-eastern parts of the same islands, to a great extent, if 
not completely, covered by sedimentary deposits, ranging in age from the 
Carboniferous to the Oretaceous inclusive; and that, as a consequence, we 
must refer the production of the striking and very characteristic features of 
those Highland districts to the last great epoch of the earth’s history—the 
Tertiary—and very largely indeed to the latest portion of that epoch, namely 
the Pliocene,’ ? 


I pass now to another line of argument. Let us compare the 


"<The Development of British Scenery’ Science Progress, vol. vii (1898) 
p. 285. 

* “The Secondary Rocks of Scotland.—III: The Strata of the Western 
Coast & Islands’ Quart, Journ, Geol. Soc. vol. xxxiv (1878) p. 669. 


Vol. 62. | ANNIVERSARY ADDRESS OF THE PRESIDENT, Ixxxix 


Lake District with Skye. In each case the hard rocks which now 
form those tracts must have been covered by softer or more easily- 
denuded rocks : in the case of the Lake District certainly rocks of 
Carboniferous age and New-Red-Sandstone age, in that of Skye the 
rocks into which the great intrusive masses were forced. In Skye 
the Cuillin Hills have several summits rising over 3000 feet, and 
the tract has been deeply trenched by streams cutting into the hard 
rocks of the district, although the erosion in this case has been in 
operation only during the latter part of Tertiary times. 

The Lake-District hills also rise in a fow cases to a height of 
over 3000 feet. The courses of the streams in this case, it is true, 
are longer than those of Skye, the shortest being about three times 
the length of the streams flowing from the Cuillins, while others are 
longer ; and accordingly the deepening, in so far as it depends 
upon grade, would be slower in the Lake District than in Skye. 
In opposition to this 16 must be noticed that the covering of rocks 
was probably more resistant in Skye than in the Lake District ; 
and the intrusive masses of the former district are certainly much 
more resistant than those of some of the highest elevations of the 
latter, as, for example, the Skiddaw Slates of Skiddaw. If, then, 
the Skye uplift can have been sculptured into its present condition 
in late Tertiary times, it seems to me that the same explanation 
applies to Lakeland; and that if we suppose Lakeland to have 
existed as land since, say, the end of New-Red-Sandstone times, it 
would long ago have been reduced to a nearly-level surface by 
denuding agencies : whereas, although the main streams have largely 
reached base-level, this is far from being the case with the minor 
streams, and great tracts of plateaux occur between the main valleys 
which have hardly been touched by stream-erosion of the older rocks. 
This erosion is still going on. The streams which course over the 
Skiddaw Slates are turbid with sediment after heavy rains, although, 
for a reason to be considered later, the streams which run through 
the voleanic rocks are as a rule fairly clear even after heavy rains. 
But even there erosion takes place during those exceptionally- 
violent falls of rain which produce the greatest effects, witness the 
occurrence in the Vale of St. John on August 22nd, 1749, when 
(as described by Gilpin) a stream forced a new channel through 
solid rock, and made a chasm at least 10 feet wide. 

Physiographically, then, the district is comparatively young, and 
study of its physiographical features bears out the conclusions 
attained after study of its geological structure. 
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Again, the nature of the dome is in itself suggestive. As I have 
elsewhere remarked, 


‘regular dome-shaped uplifts, having a symmetry like that possessed by the 
Lake-District dome, are produced, as far as we know with certainty, in one 
way only, by intrusion of a lenticular mass of igneous matter beneath, forming 
a laccolite. Subsequent to the deposition of the New Red Sandstone of Britain, 
we have no evidence of intrusion of igneous rock until early Tertiary times, 
when the intrusions of plutonic rock occurred in Skye, Rum, Ardnamurchan, 
Mull, and Arran, in a line which, if continued southwards, would 
pass beneath the Lake District.’? 


I quote this remark here, as in some degree corroborative evidence 
in favour of the suggestion of the Tertiary date of the uplift. To 
the nature of the dome I shall have occasion to refer more fully 
presently. 

The actual age of the uplift is only important in a subsidiary 
degree to the subject under consideration. My main object is to 
show the effect on the present physical structure of two important 
sets of movements, of which one occurred in Devonian times and 
the other later, almost certainly after the deposition of the New-Red- 
Sandstone rocks, possibly (I think, probably) in Tertiary times. 


Let us now pass to a consideration of the characters of the dome- 
shaped uplift and the effects of accompanying movements, in 
illustration of which a sketch-map is appended (fig. 4, p. xci). 

The high ground of the North of England is determined mainly 
by the Pennine anticline and by the Lake-District dome; and I 
have argued that the final and, so far as we are concerned, im- 
portant differential movements which affected the topography of the 
north were geologically contemporaneous. 

The general axis of the Pennine Chain was north and south, and, 
with such an axis and a symmetrical dome on the west, we should 
find either a circumference of New-Red-Sandstone rocks running 
round the dome; or, if the dome on the east touched the Pennine 
uplift, the newer rocks would be there absent, and the Carboniferous 
rocks of the margin of the dome would be continuous with those 
of the Pennine Chain. 

There is a tract on the east, marked by the absence of New- 
Red-Sandstone rocks (which elsewhere surround the dome), 
extending from Kirkby Stephen on the north to the neighbourhood 


' «The Waterways of English Lakeland’ Geogr. Journ. vol. vii (1896) p. 604. 
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of Lancaster on the south; and accordingly, instead of having a 
ring of Trias" surrounding the district, we have a C-shaped mass, 
with the northern horn of the crescent extending much more to 


Fig. 4.—Geological sketch-map of the Lake District and the neigh- 
bouring region, on the scale of 10 miles to the inch approximately. 


0G0 
ooo 


Og 
0022000920 


920009 


fe} 


20° 0006 
©0900 29%9 


° 


So 004 
Onn? 


Rhetic 257025] Carboniferous 
New Red Sandstone YU Lower Palzozoic 


{The principal lakes are shown in black, and roughly indicate the directions 
of the lines of radial drainage. | 


the south than the southern horn does to the north. South-west of 
this break in the girdle of newer rocks, the symmetry of the dome is 


* It is true that there isa little patch of Permian at Westhouse near Ingleton, 
let down by the Crayen Fault, but this does not affect the argument. 
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affected by the great mass of Lower Paleozoic rocks of the Howgill 
and Kirkby-Lonsdale Fells and the Carboniferous highland to the 
east of those Fells. We have here, so far as the country occupied 
by Lower Paleozoic rocks is concerned, a semi-dome bounded on the 
east by the Dent Fault, and separated from the main dome by a 
nearly-semicircular ring of Carboniferous Limestone which extends 
in a curve from Kirkby Lonsdale to Kendal, where it becomes 
broken ; but two outliers between Kendal and Tebay mark its course, 
and at Tebay it again runs continuously in an easterly direction to 
join the Dent Fault south-east of Ravenstonedale. 

This subsidiary dome affects the symmetry of the uplift, and also 
the distribution of the low ground occupied by ‘Triassic rocks, which 
forms Edenside on the north-east of the district and Morecambe 
Bay on the south-east ; for the occupation of, at any rate, a large 
part of that bay by Triassic strata is shown by their occurrence on 
the west side of the bay around Barrow-in-Furness, on the north 
side near Cartmell, and on the east side near Heysham. 


Before considering further the subsidiary dome we may turn to 
the main dome, occupied largely by the Lower Paleozoic rocks of 
the Lake District proper; and, in the first place, let us trace the line 
of junction between the Lower Paleozoic and the newer rocks 
around the main dome. 

Beginning at the town of Cockermouth, on the north of the 
district, this line extends in a general easterly direction to Carrock 
Fell, and thence south-eastward to Tebay, where the break above 
described is found; but, taking the line in the direction of the 
outliers, the trend is here south-westward past Kendal to Cartmell, 
then westward through Ulverston to the north of Dalton-in-Furness, 
across the estuary of the Duddon to Millom, thence north-north- 
westward to Egremont, and finally north north-eastward to Cocker- 
mouth, 

The line corresponds generally with the circle having a radius 
of 15 miles, drawn by Dr. H. R. Mill from 


‘what was possibly the crown of the ancient dome, and is now the middle of 


the small central mountain-mass lying between the Thirlmere-Windermere and 
the Langstrath-Borrowdale depressions.’ 


It must be remembered, however, that the circular line is not 


* “Bathymetrical Survey of the English Lakes Geogr, Journ, vol. vi (1895) 
p. 48. 
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horizontal, but runs, on the whole, at higher elevations on the north 
and north-east than on the south and west. If denudation were to 
cut back the junction until it were everywhere at a uniform height 
above sea-level, the rim would lie farther north and north-east 
than it does at present, although no very profound change in the 
outcrop of the line of junction would be thus produced. 

The symmetry is more apparent on the map than in reality. 
Generally speaking, the ground rises as we approach the imagined 
centre of uplift ; but there are exceptions, the principal being the 
masses of high ground around Skiddaw north of the centre, and 
Helvellyn north-east of it. The Skiddaw elevation suggests a sub- 
sidiary dome, a point which will be considered when the drainage 
is described ; while the Helvellyn elevation could be accounted for 
as the result of later movement along the old line of fracture through 
Grasmere and Thirlmere (which has been previously described), or it 
may be simply due to the fact that, geologically, the dome is not 
one which could be circumscribed by a circle, but, as maintained by 
Hopkins, is rather of the nature of an ellipse, of which the major 
axis would run through the Helvellyn mass. 

Another departure from symmetry is noticeable south of the 
dome. From Millom around the northern margin, and thence as far 
south as Tebay, the line of junction between the Lower Paleozoic 
and the later rocks is comparatively regular; but at the southern 
end, between Kendal and Millom, the Carboniferous rocks are let 
down against the Lower Paleozoic in great wedges, the apices 
of which point on the whole northward. That these wedges are 
partly due to early faulting is manifest, but subsequent movement 
has possibly affected them. ‘Their importance to us consists in the 
determination of a series of estuaries along the tracts occupied by 
the newer rocks, namely, those of the Kent and Gilpin, the Winster, 
the Leven, and the Duddon. 


The uplift which gave rise to the Lake District did not, then, 
produce a simple symmetrical] dome, but one main dome of a 
slightly-elliptical form, or rather, I would say, a form approaching 
that of a short-handled spoon, like an old ‘caddy-spoon,’ with the 
handle to the east; a subsidiary dome occupying the site of the 
Howgill and Kirkby-Lonsdale Fells and the fells to the east of 
these ; and perhaps a minor and more symmetrical dome in the 
Skiddaw tract. 

Such dome-clusters are found among the plateaux of the Colorado 
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region, as laccolites, apparently connected with the block-structure 
which the plateaux themselves exhibit. 

That a large area of Scotland, the North-East of Ireland, and 
the North of England, formed such plateaux in Tertiary times is 
suggested by many structural features ; and the idea that laccolitic 
uplifts occurred is in accordance with our present views concerning 
the origin of the great intrusive masses of Western Scotland. 

In connexion with this point, I would call attention to the 
striking similarities between the igneous rocks of the Carrock-Fell 
complex and those of Tertiary date in Scotland. These rocks and 
the olivine-bearing rocks of the Skiddaw tract are unlike any other 
igneous rocks of the district ; and it is interesting to find them in 
the tract, the drainage of which, as will be presently noted, suggests 
a subsidiary uplift. 


If the dome was produced by the intrusion of igneous rock, it is 
a question of interest as to what horizon was occupied by this 
igneous rock. 

I have elsewhere argued that the lag-faults and tear-faults which 
affect the Lower Paleeozoic rocks were subsidiary to a great over- 
thrust beneath the Skiddaw Slates, which caused these slates to be 
pushed northward over a series of newer rocks. Such a thrust- 
plane would serve as a plane of weakness, along which igneous 
matter might be easily injected ; and it is interesting to find that 
the Carrock intrusion occurs at the junction between the Skiddaw 
Slates and the newer Drygill Shales, which, as I have suggested, 
may le beneath the supposed overthrust. In that case the dome 
would not possess a horizontal base, but one inclined towards the 
south. I am not aware of any evidence furnished by the shape of 
the dome or the nature of the drainage which tells for or against 
this view, unless it be the fact that the newer rocks on the south 
rapidly pass below sea-level in Morecambe Bay ; whereas on the 
north a considerable tract of high ground is occupied by Carboni- 
ferous rocks, and the New Red Sandstone of the lower parts of the 
Eden Valley is still above sea-level. 


Whatever be the date of the uplift, and the exact manner in 
which it was caused, the geological structure of the district fully 
proves the existence of one main dome-shaped uplift and of at 
least one subsidiary uplift, namely, that lying south-east of the 
main dome. That these uplifts have determined the present main 
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drainage of the district seems to have been fully established by 
Hopkins, and has been generally admitted by subsequent writers. 
We may now pass to the consideration of the characters of this 
drainage. 


IIT. Iyrrtarion or tan Drartnagn-Lines. 


The absence of any connexion between the axis of uplift of the 
Lower Paleozoic rocks, and the coincidence, on the contrary, of the 
principal watershed of the district with the line which would mark 
the summit of the dome (if the Carboniferous and newer rocks, 
where they have now been removed by denudation, were restored in 
the positions which they must have occupied according to their 
existing dips), are so generally recognized that it is unnecessary to 
do more than indicate the general trend of the valleys from this line. 
The departure from radial symmetry was recognized by Wordsworth 
and emphasized by Hopkins. The latter author, however, assigns 
to the uplift certain valleys which I believe to have been wholly or 
in part due to subsequent denudation along tear-faults ; and I may, 
in the first place, call attention to the courses which were, I believe, 
taken by those valleys that were directly due to the elevation of 
the dome. 

Seven important valleys rise within 2 or 3 miles of Scawfell, 
and radiate thence. These are, beginning at the south-east :— 
(i) The great Langdale-Windermere valley, which at first runs 
nearly south-east and afterwards almost due south; (11) west of this 
the Duddon valley, running a little west of south; (iii) Eskdale, 
running south-west; (iv) Wastdale, almost parallel with the last- 
named ; (v) Ennerdale, extending nearly east and west; (vi) the 
Buttermere-Crummock valley, running almost north-west; and 
(vii) the Derwent valley, the course of which is at first a little 
east of north and afterwards almost due north. The area occupied 
by the drainage of these valleys is bounded by a line which is 
greater than a semicircle. No fracture, so far as I know, can be 
traced along the whole length of any one of the valleys, though 
occasionally their courses naturally coincide with some of the 
numerous fractures which affect the older rocks. Yet even in 
these cases, as I hope to show, the coincidence is often due to 
subsequent diversion of parts of the river-courses. 

The valleys now to be noticed, and lying east of these, have their 
heads some distance to the east of Scawfell; but the watershed 
coincides with a line drawn from Scawfell to Shap Summit, which is 
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the line of uplift of the dome, as indicated by the geological 
structure of the margin of the district. 

On the north side of this watershed, tracing the valleys from west 
to east, we have the Thirlmere valley, which, though now largely 
along a shatter-belt, probably runs in the general direction of a valley 
due to a superimposed stream ; the Ullswater valley ; and those of 
Haweswater and Swindale. While, south of the shedding-line, 
again proceeding from west to east, we note first a valley which 
started near the head of Troutbeck and, as will be maintained later, 
joined Kentmere at Staveley; Long Sleddale; and Borrowdale (not 
the well-known valley of that name, but one the stream of which 
joins the Lune at Low Borrow Bridge). , 

Taking next the supposed subsidiary uplift of the Skiddaw tract, 
we again meet with a radial drainage on a smaller scale. Such 
drainage must, of course, be developed on any mountain of circum- 
denudation, but in this case the evidence seems to me in fayour of 
subsidiary uplift. The principal streams start from Skiddaw Forest. 
To the north-west runs Dash Beck, to the south the Glenderaterra 
(now largely coincident with a shatter-belt), to the east the upper 
waters of the Caldew, and to the north a tributary of that river. 


More complex is the drainage of the tract of land comprising the 
Howgill and Kirkby-Lonsdale Fells and those fells on the east which 
are now composed of Carboniferous rocks. 

A series of valleys radiate from a point above Widdale Fell, near 
Hawes. ‘To the north run the headwaters of the Eden, to the west 
those of Garsdale and Dentdale, to the south the upper waters of 
the Ribble, to the south-east Langstrathdale, and to the east 
Wensleydale. 

The fact that Silurian rocks are exposed at the surface (save in 
the inliers along the Craven Fault) to form the fells of the western 
portion only of this tract is naturally accounted for, on the sup- 
position that the Dent Fault, which threw the Carboniferous rocks 
down to the east, was of New-Red-Sandstone age; and that, after 
the faulting, denudation took place and the levelled tract was 
subsequently covered by newer (Jurassic and Cretaceous ?) rocks, 
on which the drainage was initiated. 

But there is one feature that requires notice. The Lune, from 
Tebay to Kirkby Lonsdale, runs in a gorge through the centre of 
that part of the uplifted tract which is occupied by Lower Paleozoic 
rocks. Geographically, this river rises at Shap Summit. It is true 
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that the most remote source lies far east of this, but the feeder which 
comes from the east runs in a synclinal fold, whereas the waters 
which run into the Birkbeck at Shap Wells rise on the axis of an 
anticline. Here they run at first over Carboniferous rocks, and not 
until the Birkbeck approaches Tebay does it enter the Silurian tract, 
in which, as already stated, it continues to near Kirkby Lonsdale. 

The geographical source of the Lune is at a height below 
1000 feet, whereas the tract of Howgill Fells through which 
passes the gorge of the Lune (which is a continuation of the 
Birkbeck valley), has a much greater elevation. A little south of 
Tebay we have a fell in Grayrigg Forest rising to a height of 
1619 feet above sea-level, at a distance soméwhat more than a mile 
west of the Lune, and Uldale Head having a height of 1553 feet 
about the same distance east of the river. Anyone standing on 
Shap Summit will be at once impressed by the great mass of 
Silurian fells on the south, with the general level far above that at 
which he is located, and will note the sudden change from the wide 
valley above Tebay to the gorge south of that place. The relation- 
ship of the river to the general slopes and to the strata is illustrated 
in the accompanying section (fig. 5, p. xeviil). 

The Shap-Summit anticline is the eastern portion of the spoon- 
shaped Lake-District uplift; and the Birkbeck stream, therefore, is 
one of the streams belonging to the radial drainage. At the time 
of its initiation the mass of the Howgill Fells cannot have stood 
in the way, unless we suppose that the newer rocks on which the 
drainage was initiated varied so greatly in thickness between 
Shap Summit and the top of the Howgill Fells as to allow 
of a continuous downward slope, over which the river could 
flow—an extremely unlikely supposition, considering the short 
distance (less than 10 miles) which separates them. The more 
likely explanation is that the upper waters of the Lune were first 
initiated, and that subsequently the uplift of the Howgill and 
adjoining tracts took place with sufficient slowness to permit of the 
river (an antecedent stream) keeping its course open, thus modifying 
the drainage of the western end of the subsidiary dome. I have 
made this suggestion elsewhere, but it has been adversely criticized, 
and as I had not then stated all the facts I set them forth here. 

One other modification in this tract must be noticed, namely, the 
general southward flow of the waters of the Rawthey towards 
Sedbergh. This river, as the result of the lowering of the Lune 
Valley, probably cut its way back, along the line of weakness 
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produced by the Dent Fault, towards the northern margin of the 
subsidiary dome. 


The various streams, the general courses of which have been 
described, must have flowed into the depressions formed around the 
uplifts ; and we may now notice the arrangement of the rivers in 
these depressions. The rivers, along those portions of their courses, 
will naturally occupy synclinal valleys. 

Treating the uplift as a whole, we have, as already noted, two 
depressions on the east side, the northern one being occupied by 
those portions of Edenside which lie on the New-Red-Sandstone 
rocks, the southernmost (which is shorter, owing to the asym- 
metrical arrangement of the south-eastern dome) carrying the lower 
waters of the Lune about Lancaster to the portion which is now 
drowned, forming Morecambe Bay. 

The synclinal rivers which must have existed west of the district, 
if the uplift was sufficient (as was probably the case) to cause the 
low-lying tracts surrounding the uplift to become land, are also 
drowned, lying beneath the waters of the Irish Sea. 

The lines of junction of the main and subsidiary uplifts would 
also be occupied by synclinal valleys. The westerly course of the 
Glenderamackin valley north of Saddleback, and the northerly 
course of the Derwent, into which it fiows by Bassenthwaite Lake, 
would be accounted for by the subsidiary uplift of the Skiddaw 
tract. 

Again, in the case of the Howgill uplift, we find the stream 
which flows westward from Ravenstonedale to Tebay and joins the 
Birkbeck at that place, in a syncline between the Lake-District and 
Howgill uplifts; and the lower waters of the Kent, from Kendal to 
its estuary, also occupy a syncline between these two uplifts. 


At the time when this drainage was initiated, the whole area 
was, according to my view, occupied by rocks of Mesozoic or perhaps 
Tertiary age, and the rivers at first coursed over these rocks. Many 
tributaries would, no doubt, be developed before these rocks were 
denuded; and also primary dip-streams, which rose, not at the 
centre of the dome, but some way down its slopes, as, for instance, 
the Mite, and probably the river occupying the Coniston valley. 
It remains to discuss the changes which took place after the covering 
of newer rocks was removed by denudation, and after the drainage 
had worked its way down to the Lower Paleozoic rocks. In 
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discussing these changes it will be convenient to confine our atten- 
tion chiefly to the drainage of the main uplift, although it will be 
necessary to make incidental reference to the subsidiary uplifts ; and, 
in the first place, we may briefly consider the effects of the three 
types of Lower Paleozoic rocks in modifying the surface-features. 


LV. Errecrs or THE Toren Typrs of Rock upon rap ScENERY. 


The differences between the hills of the Skiddaw-Slate, Volcanic, 
and Upper Slate rocks are so well known that little need be said 
concerning them. ‘The smooth outlines of the Skiddaw-Slate hills, 
often rising into peaks, form a marked contrast with the craggy 
and irregular hills of the voleanic tract ; these again differ widely 
from the lower and smoother elevations of the Upper Slates, which 
are in some degree comparable with those of the Skiddaw Slates. 

But, although the general differences are widely recognized, there 
are some points which require closer consideration. 

It is sometimes stated that the volcanic group of hills owe their 
height to their superior hardness. This is not the case. The 
highest hill composed of volcanic rocks is Scawfell Pike (3210 feet) ; 
while Heivellyn rises to 3118 feet, and some others nearly touch 
3000 feet. ‘The highest hill in the Skiddaw-Slate tract is Skiddaw 
itself (3054 feet); Blencathara or Saddleback (2847 feet) and 
Grasmoor (2791 feet) come next. Within the circumference of the 
Lake-District dome the highest point in the Upper Slates is 1819 
feet, in the watershed between Long Sleddale and Borrowdale ; 
but, on the Howgill Fells, the Calf attains a height of 2220 feet— 
1000 feet lower than Scawfell, it is true, but still a considerable 
eminence. 

The slight difference (156 feet) between Scawfell Pike and 
Skiddaw, hills composed of rocks so markedly different in character 
and hardness, requires some consideration. Height of land depends 
upon three factors—the amount of uplift, the antiquity of the uplift, 
and the resistance of the rocks to the particular agents of denudation 
which operate upon them. 

If the uplift be slight, no matter how hard the rocks, the country 
will be low. Witness the tracts of Anglesey, for instance, composed 
of hard rock, but never rising to any great height. 

Again, when the antiquity of a land-tract is considerable, however 
great the original uplift, and whatever be the resistance of the rocks, 


the district must be worn down, as, for example, has happened in 
great tracts of Canada. 
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If the uplift be considerable and recent, the elevations may be 
relatively great, even when the rocks are not very resistant; thus 
the fairly-soft Carboniferous rocks of the Pennine Chain rise to a 
height of 2930 feet on Cross Fell, less than 300 feet lower than 
Scawfell; while the heights of the English Jurassic rocks nearly 
touch 1500 feet, and those of the Cretaceous rocks in several places 
approach 1000 feet. 

It is in the middle age of an uplift, when denudation has produced 
its most marked contrasts between uplands and lowlands, that the 
effects of the relative resistance of rocks are most marked. 

These facts are, of course, well known. I merely refer to them 
because they are too often overlooked, in the case of the elevations 
of our own island. 

The slight difference between the heights of Scawfell and Skiddaw, 
and especially the slight change in the elevations of many of the 
slopes where they pass from volcanic rocks on to Skiddaw Slates on 
the one hand, or on to the Upper Slates on the other, seems to me 
to be an additional argument in favour of the youth of the district, 
speaking in a geological sense. 

Again, the general elevation of the tract of Upper Slates of the 
Howgill and Kirkby-Lonsdale Fells, when contrasted with the 
comparatively-low ground occupied by these slates in the southern 
part of the Lake District proper, is explicable on the view that a sub- 
sidiary uplift has taken place in the Howgill Fells. The low ground 
occupied by the Upper Slates of the southern part of the district 
receives its explanation in the fact that they lie almost entirely at 
some distance from the axis of the uplift of the dome; when they 
approach that axis, namely at the head of the southern Borrowdale, 
we find the fells formed by these rocks reaching their greatest 
height in the area of the main dome. 

The softness of the Skiddaw Slates has produced its effect, not 
in the general lowering of the watersheds as compared with those 
of the volcanic tract, but in the more rapid erosive work of the 
tributary streams coursing down the valley-sides and cutting away 
the plateaux, thus originating the sharp peaks of the Skiddaw area, 
and the scarcity of plateaux as compared with the voleanic tract, 

It is the greater uniformity of the rocks of the Skiddaw tract 
than of those of the volcanic district which causes the most marked 
contrasts. The harder lavas, coarse breccias, and flinty ashes of 
the latter tend to stand out as cliffs, while the more vesicular 
lavas and softer ashes are worn away. The flinty ashes of the 
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Scawfell region, usually inclined at a low angle, often produce 
scars recalling those of the Carboniferous tracts of the adjacent 
regions (save in one respect to be noted eventually), and similar 
scars are often formed by the low-dipping lavas, as, for instance, 
those of the hills south of Keswick, between Derwentwater and 
the Helvellyn range, and those of the Eycott Group of lavas on the 
northern margin of the district. But these scars are rare. HEven 
the harder rocks over the major part of the district usually occur 
in eye-like masses rapidly dying out when traced laterally. I 
believe that this is due to the constant occurrence of crushing 
along lag-faults and tear-faults, and that the rocks where this 
structure occurs are in truth affected by augen-structure on a 
large scale. In no other way does it seem possible to account for 
the comparative scarcity of terraced lines of cliff where the dip is 
low, and although the rocks of the portions between the ‘ eyes’ are 
usually masked by vegetation, such evidence as I have been able to 
collect is in favour of the view just expressed. 

The greater shatter-belts, as already stated, affect the three 
groups of rocks, although they are more easily studied among those 
of the Volcanic Group than in the Skiddaw Slates and Upper Slates. 
As, however, they are not confined to the Volcanic Group, we may 
leave their consideration to the next section. 

The general uniformity of the ground occupied by the Upper 
Slates, recalling that of the Skiddaw Slates, has already been 
noticed. It is true that the Coniston Grits often stand out to a 
greater extent than the other rocks, while the Bannisdale Slates, 
consisting of thin gritty flags, frequently give rise to rocky ground; 
but these are matters of detail. 


V. Mooprricarion or tHE Oxrp Dratnace-Lings atone 
SHATTER-BgEtLts. 


The nature of the shatter-belts has already been discussed: it 
remains to consider the influence which they haye exerted upon 
the present structure of the region, and as this influence is most 
readily detected in the area occupied by volcanic rocks, we shall 
consider chiefly the features displayed in that area. 

Among the features most obvious to the casual observer are the. 
deep gashes, or ‘ rakes,’ which often seam the mountain-sides, in 
the form of straight deep gullies, usually dry, save in seasons of 
flood. Many of these have been shown by Clifton Ward to occur 
along dykes, but a very large number are found on inspection to 
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be cut along the minor shatter-belts. Weathering must take place 
along these belts to a far greater extent than over the ground 
occupied by the more resistant rock which bounds them, and the 
mass of weathered rock would tend to become waterlogged in wet 
seasons, so that during those occasional periods of heavy local rain- 
fall, locally known as ‘ cloud-bursts,’ the weathered material would 
tend to be cleared away and a rake initiated. This was probably 
the origin of the well-known gullies on Blease Fell near Tebay 
(in the rocks of the Upper Slates) which were formed in the course 
of a few hours, about the year 1858 : 


‘The rain excavated deep channels in the weathered rock of the hillside, and 
spread the rubbish over some pasture-land below. 


I have elsewhere described a similar gully which has partly 
destroyed the old Roman Road on High Street. These gullies 
frequently possess tributaries at the head, arranged like the out- 
spread fingers of a hand, as seen near the foot of Wastwater, and 
on the slopes of Base Brown above Seathwaite in Borrowdale. 
Where two such rakes occur on opposite sides of a ridge, that 
ridge becomes notched, such a notch being shown between the two 
summits of the Langdale Pikes; and, accordingly, hills composed of 
nearly horizontally-bedded ashes which ought otherwise to possess 
fairly-straight ridges are notched, as in the beautiful mountain- 
screen at the head of Langdale as seen from Windermere. 


But it is in those cases where running water is still active, that 
the influence of these shatter-belts is best appreciated, and to these 
we may now turn. 

In my paper on the ‘ Waterways of English Lakeland’ in vol. viii 
of the ‘Geographical Journal’ (1896) I described a gorge in the 
Langstrath Valley, formed by glacial diversion. It is one of a series 
occurring above the junction of Greenup Gill with the Langstrath 
river, and is known as Black-Moss Dub. The main fissures of the 
shatter-belt are clearly seen in the naked rock at the bottom of 
the narrow gorge, which is 20 feet deep, the lower 11 feet being 
occupied by water. At its summit occurs a waterfall, which has 
obviously cut back along the belt. Here we have a case of erosion 
to the depth of 20 feet in post-Glacial times. Just below this is 
another case of diversion, where the water does not flow along a 


1*The Geology of the Country around Kendal, Sedbergh, Bowness, & 
‘Lebay’ Mem. Geol. Surv. 2nd ed. (1888) p. aul 
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shatter-belt, but runs down a glaciated rock, in a wide groove only 
about 3 feet deep. These two cases give us an indication of the 
importance of shatter-belts in accelerating denudation. 

This, however, is not all. The groove in the latter case does 
not possess a smooth, concave surface, but has angular sides, and 
the bottom is also angular, with notches cut along the dominant 
points. Abrasion of the general surface of the rock appears to 
have little effect, but the water saws along the joints, gradually 
detaching the blocks, which are then carried away in flood and 
rounded into pebbles. This is the general character of the rocky 
waterworn gorges situate in the volcanic region, and not only 
shows the importance of planes of weakness in determining the 
amount of denudation in the case of hard rocks, but also accounts 
for the small amount of mud carried by streams coursing over these 
rocks as compared with the muddy streams of the Skiddaw-Slate 
tract. The comparative clearness of flooded streams when running 
over hard rocks does not, therefore, necessarily indicate that these 
streams have established their base-lines, but may be due to the 
different nature of water-erosion acting upon well-jointed hard 
rocks and on ill-jointed soft rocks respectively. In the action of 
streams along these joints we have a forcible indication of the 
work which is done along the shatter-belts which consist of blocks 
of hard rocks separated by joints, in addition to which there is 
much easily-eroded crush-material that has been developed along 
the joint-planes, 


We will take one or two other examples of the formation of 
gorges along shatter-belts, 

Of a similar nature to Black-Moss Dub, but on a larger scale, is 
the gorge at Birks Bridge in the Duddon Valley. Above, as in 
the case of Black Dub, is an alluvial flat, once occupied by a lake. 
A dry valley lies to the east, while the Duddon now flows 
through a deep gorge, headed by a fall. The gorge below the 
bridge is 23 feet deep, of which 8 feet are under water at ordinary 
times. The bridge is pierced with holes above the road, for the 
flood-waters to drain through, these holes being but 3 feet below 
the top of the rock, so the gorge must be filled to the brim in times 
of flood. In this case, again, the shatter-belt structure may readily 
be seen. 

The two cases noticed above are on the floors of important 
valleys, but the greater number of examples of streams occupying 
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shatter-belts in which the geological structure of the shattered 
rock is seen, occur on mountain-sides. I may mention as examples 
Tilberthwaite Gill, in the Coniston Fells, of which the upper part 
has been excavated owing to glacial diversion; the streams on 
either side of Wrynose and Hardknott Passes, occupying parts of 
a great belt the trend of which has been previously noted; the 
stream behind the cottage at Blea Tarn, Little Langdale; that of 
Rossett Gill, of Ruddy Gill, of the stream entering Sty-Head Tarn, 
and of Aaron Slack, occupying parts of another of the great belts ; 
Peers Gill on Lingmell; and those which course down the hill to 
the east of Watendlath Tarn. Some of these have already been 
noticed ; they are but samples of hundreds scattered through the 
district. 


In the larger valleys, save where glacial diversion has occurred, 
as above described, it is usually difficult to obtain direct evidence 
of the existence of shatter-belts, owing to the covering of alluvium 
which at present exists along considerable portions of their courses. 
In many cases, however, the shatter-belts which are seen on cols, 
and down the slopes, if continued along the main valleys, would 
run along the portions of those valleys that are marked by their 
straightness, and may often be traced up another hillside at the 
farther end of such a straight portion. Let us take some instances. 

The shatter-belt seen on either side of the col of Dunmail Raise 
runs in a direction marked by the straight portion of the Thirl- 
mere valley on the north and of the Vale of Grasmere on the south. 
Each of these valleys when leaving this belt loses this straightness, 
the Thirlmere valley where the river passes into the Vale of 
St. John (probably owing to glacial diversion), and the Grasmere 
Valley where the stream flows from Grasmere to Rydal (perhaps 
owing to capture of the stream, which once continued along the 
shatter-belt to Elterwater, by a strike-stream working back along 
the softer rock of the slate-band between Ambleside and Rydal). 

In Great Langdale, the valley below the Dungeon-Gill Hotels 
is formed by the coalescence of two upland valleys: Oxendale, 
which is continuous with Crinkle Gill, worked along a shatter-belt 
on the side of Crinkle Crags, and Mickleden which is worked along 
one of the three great shatter-belts previously noted. On the line 
of Mickleden at its upper end this belt is seen in Rossett Gill, and 
at the lower end it leaves the valley and crosses the col between 
Great and Little Langdales. 

VoL, LXII. h 


cyi PROCEEDINGS OF THE GEOLOGICAL society. [May 1906, 


The Oxendale line is continued down Great Langdale as far as 
the stream which descends from Stickle Tarn, where the valley bends 
and now runs along a line continuous with that of the shatter-belt 
seen in the Dungeon-Gill stream. When the stream leaves this 
line lower down at Chapel Stile, it passes from a wide straight 
valley to a narrow sinuous one, to join the belt once more in the 
wide portion of the valley at Elterwater. 

In Borrowdale the upper part of the wide and straight Langstrath 
valley is continuous with a belt running down Allen-Crags Gill 
at its head; while the other great tributary of Borrowdale near 
Seathwaite runs in a straight valley, continuous at its head with a 
shatter-belt occupied by the headwaters of Grainsgill. To these 
belts we must return later; at present, we may simply note the 
wide straight features of valleys which can be seen to be continuous 
with tracts occupied by shatter-belts. 


The next cases to be noticed show how parts of one river may 
be captured by another stream working along a shatter-belt, when 
the arrangement of the stream favours this. 

The first example to which I wish to call attention is the head 
of Miterdale, between Wastdale and Eskdale. In a paper which 
was published in the Journal of this Society in 1895 on ‘ The 
Tarns of Lakeland,’ I maintained that the Mite once rose on 
Scawfell, and that owing to glacial diversion its upper waters had 
been switched off into the Esk, with the formation of Burnmoor 
Tarn. I have been over the ground recently with Prof. Garwood, 
and we were convinced that I was wrong. If Burnmoor Tarn is a 
blocked lake, the barrier lies on its eastern bank and not at the 
south-western end. So far from the upper waters of the Mite 
having been captured by the Esk, all the evidence is in favour of 
the possibility of future capture of the upper waters of the Esk by 
the Mite. The upper part of Miterdale is in a shatter-belt, along 
which it has cut a gorge terminated upstream by a remarkable 
combe backed by a cliff, down which several gullies course, the 
principal stream flowing over the cliff on its western side. This is 
only about one-third of a mile from Burnmoor Tarn in the Esk 
drainage, and the col between Esk and Mite is only some 50 feet 
above the waters of the Esk on the other side of the col. Had 
the stream which enters the combe from the west been situated 
nearer Burnmoor, the Esk stream might well have been captured 
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by that of the Mite; and, even now, some of the minor streams 
which pour over the combe-cliff from the depression between Mite 
and Esk may in time accomplish the capture. 

It seems clear that this has actually been accomplished at 
another place, namely Honister Pass, between Borrowdale and 
Buttermere. In ascending to Honister from Seatoller in Borrow- 
dale, the head of the valley appears to be a combe, down which 
tributary streams course to join the Borrowdale drainage. On 
reaching the head of the valley it is seen that the principal of 
these, flowing from Gray Knotts, passes through a huge gap cleft 
in the north-western part of the combe, and continues down a valley 
apparently along a shatter-belt into Buttermere, thus largely 
determining one of the most prominent features of the district, the 
huge Crag of Honister. 

In the next case the capture is more pronounced.  Lingmell 
Beck flows from the Scawfell group of fells in an easterly direction 
to the head of Wastwater, along a line of shatter-belts which are 
occupied by Grainsgill and Spouthead Gill. The valley now 
passing from Sty-Head Tarn northward to Borrowdale ends abruptly 
at Sty-Head Pass, where there is a steep descent to Lingmell Beck. 
Anyone standing at Sty-Head Pass will be convinced that the Sty- 
Head stream has been beheaded by Lingmell Beck. Apparently 
at one time the Peers-Gill stream flowed to Wastwater, and 
the streams which now occupy the Grainsgill and Spouthead 
gorges into Borrowdale: but the first-named stream, working 
along the shatter-belt, beheaded the others at an elbow. We shall 
have occasion to consider this case more fully, when discussing 
the changes which have occurred in the .Borrowdale Valley in 


greater detail. 


From what has been said above, it will be grasped that, according 
to my view, complications in the original drainage initiated 
upon rocks which once overlay the Lower Paleozoic rocks, have 
been produced after the drainage had worked down to the latter 
owing to the removal of the former, largely because of the tendency 
for the most strongly-marked erosion to occur along the shatter- 
belts. I propose to illustrate this further by a detailed consideration 
of four valleys, namely, Troutbeck near Windermere, Langdale, the 
Duddon, and Borrowdale. 

As I propose to give reasons for believing that the formation of 
many of the hanging valleys of the district has been largely deter- 

hy 
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mined by the existence of shatter-belts, it will be necessary, before 
discussing the changes in the drainage in the case of the above- 
named valleys, to say something concerning the distribution of the 
hanging valleys. The chief valleys of this nature are situated in 
the area occupied by the volcanic rocks, in itself a suggestive 
circumstance, as it isin that area that the contrast between the 
resistance to erosion of the shatter-belts and the unshattered rock 
between the belts is most marked. 

Some of these valleys, no doubt, owe their character to the fact 
that they are situate in hard rocks of the Volcanic Series, while 
the larger valleys into which they ‘ mouth’ are in softer rock, either 
of the Skiddaw-Slate or Upper-Slate Group. Thus the valley in 
which Coniston Lake is situated is in the Upper-Slate Group, while 
the hanging valleys on its west, namely those of Goats Water, Low 
Water, Lever’s Water, and that south-east of Wetherlam (of which 
the water flows through Tilberthwaite Gill), are in the volcanic 
rocks. Again, the Watendlath valley is in volcanic rocks, and 
the water flows over Lowdore on to the Skiddaw Slates. The 
hanging valleys south-west and south of Buttermere are also 
in volcanic rocks, while the main valley is in Skiddaw Slates. 
The most remarkable of the hanging valleys of the Buttermere 
series is that at the extreme head of the valley; this differs 
from the others in not being a lateral valley, but the upper part 
of the main valley which ‘mouths’ at a height of about 900 feet 
above Warnscale Bottom, the alluvial tract above Buttermere 
Lake. 

But the greater number of the hanging valleys are situated in 
the heart of the volcanic ground, and in all cases appear to be 
connected with shatter-belts traversing that part of the main valley 
into which they ‘ mouth.’ 

In addition to those of the valleys which I wish more particularly 
to describe, I may notice the series on the west side of Helvellyn 
mouthing into the Thirlmere valley, and those on the east side of the 
same mountain mouthing into Grizedale, which is certainly along a 
line of fault, Farther east are the hanging valleys of Small Water, 
Blea Water, and Measand Beck mouthing into the Haweswater 
Valley, which lies in a line of disturbance apparently running 
through the Gatescarth Pass, and those at the head of Swindale, 
where the main valley seems to occupy a shatter-belt running over 


the fell to Mardale. Others occur on the side of the Grasmere 
Valley. 
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We may now pass to the consideration of those valleys which it 
is my desire to discuss in greater detail. 

The first to which I would call attention is the Troutbeck Valley, 
occupied by a stream flowing into Windermere from the north. I 
have already referred to the evidence which this valley yielded, 
as first giving me an idea of the importance of shatter-belts. Near 
the head of this valley, on its west side, is the hanging valley 
of Woundale, which is occupied by a stream rising on St. Raven’s 
Edge and running for about 11 miles, chiefly on flat ground, ere 
it mouths at a height of over 1000 feet above the sea, near the 
Kirkstone-Pass road. Here it falls rapidly to join the Troutbeck 
stream, some 400 feet below. 

About 3 miles lower down the Troutbeck Valley on the east side 
is a marked notch, forming the head of a valley, which is lower 
down occupied by a stream eventually flowing into the Kent. On 
ascending this valley, we find that it has a gently-sloping floor 
which ends abruptly on the side of the Troutbeck Valley, east of 
the Church, at a height of about 850 feet above sea-level. This 
valley is in direct line with that of Woundale. 

The appearances are explicable, on the supposition that, before 
the Troutbeck Valley existed, a stream rose at the head of Woundale, 
which is on the main watershed of the district, and flowed in the 
direction which we should expect, namely, somewhat east of south, 
until it joined the Kent; and that subsequently the Troutbeck 
stream worked back along the shatter-belt, beheading the Woundale 
stream, leaving the upper part of the latter as a hanging valley 
(for no shatter-belt extended up this valley), while the lower part 
ended in the marked notch at the side of the Troutbeck Valley, 
and its downward continuation is now marked by a small stream, 
which seems insignificant when compared with the valley which it 
occupies. 


Let us now turn to the Great Langdale Valley, to which I have 
already alluded briefly. 

It was pointed out that a shatter-belt runs up Mickleden at the 
head of the valley, and passes up Rossett Gill towards the west- 
north-west. At the foot of Rossett Gill, a stream comes from the 
north, by the path from the Stake Pass. This stream courses down 
a steep slope, and, on ascending the path, a marked hanging valley 
is found, known as Langdale Gombe. Passing down the main 
valley we find its course, as before stated, bearing to the east along 
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a line continuous with that of the Oxendale shatter-belt ; and north 
of the main valley along this part of its course is the hanging valley 
containing Stickle Tarn on the Langdale Pikes, which mouths at a 
height of about 1200 feet above the Great Langdale Beck. Still 
lower down the main valley, the Little Langdale stream enters 
from the south-west. It forms another hanging valley, which 
mouths above Colwith Force. 


We may now pass on to consider the Duddon Valley, with which 
is associated that of the Upper Esk. To illustrate the changes 


Fig. 6.—Map of the upper Duddon Valley and part of Eskdale, 
on the scale of 2 miles to the ich. 
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which appear to have taken place here, two diagrams are given, of 
which the second (B) indicates the original drainage as inferred 
from the structure of the ground, while the first (A) shows the 
present drainage. (See fig. 6, above.) 
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I went over the ground with Prof. Garwood last year, and am 
much indebted to him for help in my investigations. 

Beginning with what we believe to have been the former head 
of the Duddon Valley, now the headwaters of the Esk, we find 
these headwaters running in an upper valley known as Upper 
Eskdale. This is sharply separated from Lower Eskdale by a steep 
slope at the head of the latter, down which course two streams, the 
Esk itself from Scawfell and Esk Hause, and Lingcove Beck from 
Bowfell. The latter is separated from the dreary Mosedale Valley 
at the head of Duddon by a col, at a height of about 1260 feet; — 
and Mosedale is in a line which is practically continuous with that 
of the Esk stream from Scawfell. There is good evidence on the 
ground that this old head of Duddon has been tapped by the streams 
of the Esk'and Lingcove Beck, which unite at Esk-Falls Bridge. 
The details of the change are somewhat complicated, and it is un- 
necessary to discuss them here. The evidence points to the tapping 
of the oldjhead of Duddon, firstly by Lingcove Beck, and secondly 
by the Esk itself. The old valley which runs nearly due east here 
is wide, while Lingcove Beck and the Esk now escape from it by 
narrow gorges. The Esk gorge, where the old valley at present 
mouths, is clearly post-Glacial at the head. It has, at the top, cut 
through ;moraine, which now slides down into the rocky gorge 
beneath. * This valley mouths at an altitude of 1100 feet, and that 
of Lingcove’Beck at about 1150, a little more than 100 feet below 
the present col separating it from the Duddon. 

The head of the Lower Msk is a wide straight valley, apparently 
cut along a shatter-belt, in which the river rapidly deepened its 
valley. Owing to this, the two tributaries at its head were able to 
extend their sources backward, thus tapping the old Duddon. If 
this be so, these two hanging valleys exist as such, because they 
once formed part of a different drainage; and the time since 
diversion has been too short to allow of the deepening, to any great 
extent, of the streams which effected the captures. 

Entering now into the region of the present Vale of Duddon, 
Mosedale Beck after a course of 14 miles reaches Cockley Bridge, 
where it crosses one of the great shatter-belts formerly described. 
Here the valley widens and runs in an alluvial flat to Birks Bridge, 
where it enters a gorge marked by a shatter-belt which points 
towards Cockley Beck. At this point there is some indication that 
the old valley once swung in meanders, first westward under Harter 
Fell and next eastward over the present ridge into the present 
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valley of Tarn Beck. In connexion with the old drainage, we may 
notice a curious dry valley between Hinning House and Troutal, 
at a considerable height above the present stream. Seathwaite 
Tarn lies in one of the most important of the hanging valleys 
of Lakeland, which, beginning at the top of the Carrs (one of the 
Coniston Fells), runs in a sinuous course for a distance of 2 miles, 
measured in a straight line, before it mouths at a height of 1075 
feet above sea-level and 375 feet above the wide Tarn-Beck valley 
at the bottom of the slope. This valley is occupied by alluvium at 
' its base, until it reaches the Wallabarrow ridge to be noticed anon, 
Below the entrance into this valley of the stream forming Sea- 
thwaite Tarn there is evidence of another meander marked by a 
ridge of apparently-waterworn rock at Long House, at a height of 
100 feet above the present river on the west, and a wide dry valley 
extending from this ridge to Seathwaite Church. The height of 
the Long-House ridge is 550 feet above sea-level. 

We now come to one of the most interesting features of the 
valley. The rocky ridge of Long House is the eastern part of a 
great rocky spur which rises, on the whole, westward. Below it. 
the Duddon is a wide valley largely occupied by alluvium, although 
there are evidences of other ancient meanders now cut through 
along shatter-belts. Looking at this ridge, part of which is known 
as Wallabarrow, from down vale, it appears completely to block 
the valley ; but two deep gorges cut through it, one occupied by 
the present Duddon, the other by Tarn Beck. 

Above Wallabarrow Gorge, a stream enters the Duddon from the 
' west, flowing past a farm called Grasgors, below which it mouths 
at 950 feet, and on the other side of the Duddon is a deep notch in 
the ridge separating the Duddon from the Tarn-Beck valley, the 
height of this notch being 525 feet above the sea. 

Anyone looking up the valley from below, or looking down upon 
it from Walney Scar on the Coniston Fells, would be convinced 
that the main river ran over the Long-House ridge, which is 
now dry. 

The changes which seem to have occurred are as follows:—In 
former times when the Duddon below Birks Bridge ran into the 
Tarn-Beck valley and over the Long-House col, the Grasgors 
stream would run through the notch east of the present Duddon, 
to unite with the old river above Long House, while a tributary 
of Grasgors would no doubt flow from the north. The first 
change was the formation of a gorge through the Wallabarrow 
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ridge above Seathwaite Church, along a small stream flowing down 
the ridge in a shatter-belt. When this stream tapped the river to 
the north, the Long-House ridge would be turned into a wind-gap, 
and the valley above the new gorge deepened, as also that of the 
Grasgors tributary flowing through the notch, the summit of which 
is now 25 feet below the Long-House ridge. Owing to the 
deepening of the Tarn-Beck valley, the Seathwaite-Tarn valley 
became converted into a hanging valley. 

In the meantime, a stream to the west of the Seathwaite stream, 
occupying another shatter-belt, sawed through Wallabarrow to form 
the present gorge of the Duddon, and thus caused the deepening 
of the tributary of the Grasgors stream, converting the Grasgors 
stream itself into a hanging valley. Finally, this tributary ex- 
tending backward captured the waters of the Upper Duddon from 
the Tarn-Beck valley, below Birks Bridge, giving rise to the present 
drainage. 

It may be noted that the bottom of the Seathwaite gorge through 
the Wallabarrow ridge is well-glaciated, showing that the diversion 
from Long House occurred before the last occupation of the district 
by ice, and my impression is that the whole of these diversions 
were produced in pre-Glacial times, although it is extremely difficult 
to prove that none of the changes were caused during an early 
glaciation. 

The phenomena of the Duddon valley, then, go to show that an 
ancient river belonging to the radial drainage impressed upon the 
dome established its base-level, and had a meandering course from 
Scawfell to a point not far from its estuary. After this there was 
uplift and renewed activity, but the meandering stream, cutting on 
the whole across the shatter-belts, was only deepened along its 
original course where that happened to coincide with a shatter-belt 
for some distance, as below Cockley Beck. Owing, however, to the 
less resistance of the rocks along these shatter-belts, considerable 
modifications of the drainage ensued, with the production of the 
hanging valleys of the Upper Esk, and of Seathwaite Tarn and 


Grasgors. 


The last valley that I propose to consider in detail is perhaps 
the most interesting and the best known, namely Borrowdale. 

As in the case of the Duddon, it will render the description 
clearer if two diagrams are examined side by side, the one showing 
the present drainage, and the other that which I believe to have 


[sopra z = your [ :epeog] 


Old Tayavogyv 


IML TOF Avog - 
60zeV 
ssvg 


negitll 


Grai 


DIVA YFBOR\ | 
: x 


ADPCM TOUS 


eg ee 
UAB, vA S 
DL VAT Q\ 100 Sez 0S6 


OPV MISO x 


UADT, YIP] PUAWD AA €) 
a ‘shay[ea Bursury jo 
<syurod-Suryyno yy = C 


‘9Svuresp } ‘A1VaMONNOd HO 
Jau40j posoddns =q 


‘gSeUTeIp yuISIIg =V d10POT AdVIN=-HOLAaS- oh, roi ae | 


“yooy UT SOPNAHTY LIDNIUINAI LAN 
{0 poor fee SS 


Vol. 62.] ANNIVERSARY ADDRESS OF THE PRESIDENT. CXV 


originally existed as the result of the clevation of the dome. (See 
fig. 7, p. cxiv.) 

At the present day the Borrowdale valley is occupied by a 
stream formed by the coalescence of two feeders, the Seathwaite 
Beck’ from the south-west and the Stonethwaite Beck from the 
south-east, which unite below Rosthwaite, and the River Derwent 
formed by their union flows northward to Derwentwater. The 
true head of the Derwent is on the Scawfell group of fells, and the 
valley is one of the original radial valleys due to the elevation of 
the dome. The Derwent passes from the voleanic rocks on to the 
Skiddaw Slates, near the village of Grange. Its erosive power over 
the tract occupied by the volcanic rocks was no doubt due, as 
in the case of so many other valleys, to the more rapid denudation 
of the Skiddaw Slates in earlier times, producing a fall-line at 
the junction of the two sets of rocks. Above this junction at the 
present day the courses of the Derwent and its two principal feeders 
coincide with the trend of three important shatter-belts. The 
lowest of these runs in a general southerly direction from Grange 
through the Jaws of Borrowdale, past Rosthwaite and Stonethwaite 
Beck, above Stonethwaite in the direction of the Greenup valley. 
Its existence is indicated by the geological structure, for on its east 
side for a long distance is the Falcon-Crag Group of volcanic rocks, 
and on its west side the Ullswater Group. At Galleny Force, 
about 1 mile south-east of Stonethwaite, another shatter-belt, the 
existence of which has already becn considered, passes up the 
Langstrath Beck to its head. 

At Stonethwaite Church another belt passes up the Seathwaite 
feeder as far as Seathwaite hamlet, its presence being also indicated 
by the geological structure, among other things by the disappearance 
of the igneous rocks around the graphite-mine on the west side of 
Seathwaite Valley. South of this the belt turns due south (where 
another belt runs obliquely across the valley) and is traceable up to 
and beyond the head of Grainsgill. 

It is in the highest degree improbable that the stream initially 
produced as the result of the establishment of the radial drainage 
should have coincided with a shatter-belt, at the point where it 
crossed from the volcanic rocks to the Skiddaw Slates; and all the 
modifications which I am about to describe can be accounted for, on 
the supposition that the waters of this drainage-system found their 


1 This is, of course, a different Seathwaite from that of the Duddon Valley. 
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way on to the shatter-belt at Grange at a fairly-late period in the 
history of the rivers. 

It is probable that, at a very early period in the history of the 
drainage, two important streams ran in the general direction of 
the present Seathwaite and Stonethwaite feeders, uniting lower 
down (perhaps near the present site of Derwentwater) to form the 
Derwent, the drainage at this time being, of course, at a much 
higher level than that of the present streams. 

The ancient Stonethwaite stream may indeed have flowed 
past the site of Dub Tarn into the Watendlath Valley and past 
Lowdore, for the Stonethwaite Valley is on the same line with 
that of Watendlath, and there is a depression through Dub Tarn 
connecting the two valleys. As this depression is over 1300 feet 
above sea-level, the abandonment of this part of its course by our 
hypothetical stream must (if it occurred) have been an early event. 
The Seathwaite stream at this time, as we shall presently argue, did 
not flow through the Jaws of Borrowdale, which were accordingly 
then closed, so far as the main drainage was concerned, but were 
no doubt occupied by some stream the actual course of which was 
sufficiently close to the shatter-belt to allow of the stream working 
into it. This stream may well have been that which rises on 
Glaramara and flows through Combe Gill. 

Granting the possibility of this arrangement, the present features 
connected with the drainage are readily explicable. 

The stream from Combe Gill would enter the shatter-belt which 
extends up the Seathwaite valley east of Seatoller ; flowing north- 
eastward it would join the shatter-belt which now passes Rosthwaite 
and the Jaws of Borrowdale close to the site of Seathwaite Church, 
and would flow along this belt through the ‘ Jaws’ on to the 
Skiddaw Slates. This stream, working back from the fall-line, would 
cut a gorge through the ‘Jaws,’ and up the present main valley to 
Seathwaite Church, and then along the more southerly shatter-belt 
to the foot of the present Combe Gill. 


We will now consider the changes which would occur along the 
lines of the two great feeders of Stonethwaite and Seathwaite, 
beginning with the former, the structure of which is comparatively 
simple. 

A tributary stream would enter the stream that has been just 
described, from above Seathwaite; its valley running along a 
shatter-belt would be deepened, and receding would capture the 
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waters of the Langstrath valley, if they previously flowed in the 
direction of Watendlath. If they did not, they would have flowed 
in their present direction, and the case is perfectly simple. 

When the drainage of the Langstrath was connected with that 
along the Rosthwaite shatter-belt, the Langstrath valley would also 
be deepened along its own shatter-belt and establish its present 
grade. In so doing, it would convert the valley, through which 
the path over the Stake Pass comes, into the hanging valley which 
it now is. 

It is, however, the Seathwaite branch of Borrowdale that presents 
points of the greatest interest. I shall give reasons for believing 
that considerable modifications have occurred along the course of 
this valley, which produce some very striking scenic features. It 
will perhaps render the explanation simpler, if at the outset I state 
what I consider to have been the course of this old stream, as 
shown in the map (fig. 7, p. exiv) and section (fig. 8, facing p. cxviii) 
and then discuss the evidence which points to my conclusion. 

I believe that the Seathwaite feeder of Borrowdale originally 
rose on Scawfell Pike (8209 feet) and flowed generally northward 
through a valley which has now been cut through by the head of 
Wastdale. The remnant of this valley mouths at about 1750 feet 
on the south side of the present Wastdale Valley, and its beheaded 
part is again struck at the north side of that valley close to Sty- 
Head Pass (1500 feet). Thence it has undergone little change - 
for about a mile, until it mouths above Taylor-Gill Force at about 
1250 feet. It then flowed far above the present valley past Giller- 
combe above Seathwaite hamlet, which mouths at about 1000 feet, 
and to Seatoller where the Honister Valley mouths at 950 feet, some 
way back from the course of the old valley. It then passed between 
High Doat and Seatoller Fell, where a depression at 785 feet 
marks its course, and farther north between Castle Crag (west of 
the Jaws of Borrowdale) and Lobstone Band, where there is another 
depression at 695 feet, and so oyer the fall-line on to the Skiddaw 
Slates, to join the other feeder of the Derwent about the site of 
Derwentwater. 

In the section (fig. 8, facing p. exvill), which is drawn to true 
scale, vertical and horizontal, the broken line represents the present 
line of drainage and the continuous line the supposed ancient line. 

The heights of the various points enumerated, which are all those 
of important and exceptional physical features that require ex- 
planation, can hardly occur along the gradually-falling line which is 
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shown in section, as the result of mere coincidence. Leaving out of 
consideration for the moment the supposed capture of Wastdale, we 
have in order, the mouthing of the Sty-Head Tarn Beck above 
Taylor Gill, that of Gillercombe and that of the Honister Valley, 
and the cols west of High Doat and Castle Crag respectively. 

The depressions in which these cols occur certainly suggest parts 
of an old valley, and especially is that the case with the depres- 
sion behind Castle Crag, which (when viewed from High Doat) 
presents a U-shaped cross-section like that of a fairly-important 
river-valley. 

Granting the deepening of the present Borrowdale valley between 
the mouth of Combe Gill and the Jaws of Borrowdale (which must 
have taken place, though not necessarily in the way discussed above), 
the explanation of these features is simple. Beginning downstream 
we first notice that the main Borrowdale stream has shifted west- 
ward, west of Rosthwaite, where a great sweep of alluvium runs, to 
the concave fell-side, where Tongue Gill comes down. This westerly 
shifting of the stream would gradually cut away the ridge between 
Borrowdale and the upland valley, diverting its waters into Borrow- 
dale, and leaving the part of the upland valley on the north as the 
depression west of Castle Crag. 

But the most important change would be the similar action of 
the Combe-Gill stream on the west at the foot of Honister. The 
evidence points to the present and old valleys having formed two 
loops at this point with their convexities approaching one another. 
If the Combe-Gill stream cut into the upland valley, the upper 
waters of this would now be diverted into the main Borrowdale 
valley (this may have happened before or after the capture west of 
Rosthwaite). 

Thus the High-Doat depression would be converted, like that of 
Castle Crag, into a wind-gap. But the most important result would 
be that the stream, which formerly flowed from off the Seathwaite 
shatter-belt to a part of the valley (between Honister and Castle 
Crag) not occupied by such a belt, would be put in connexion 
with the Borrowdale stream, which had already deepened its course 
along its belt; and therefore the Seathwaite stream would now be 
capable of deepening its valley. This it has done to the head of 
Grainsgill, leaving Honister, Gillercombe, and the Sty-Head valley 
as hanging valleys. 


We now pass to the consideration of the head of the Sty-Head 
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Fig. 8.—Section along the Seathwaite branch of Borrowdale, continued northway 


oe 1430 ne payer Below 
1500 1250 ot Stockley Bridge oe 
: o ouths 1000 
33 Present valley-level 


420 


- 
- 
- 
- 
hat 
= 
--- 


-— 
- 
[9 i gs ee 
=... 
sone ea oe eum ees | esa 
el Ne MT Py 
we oe seam oe ome 


| 
[The continuous line shows the former thalweg, the broken line (when it departs from this» 
| 


Fig. 9.— Section from near Dunmail Raise to Kentmere, to show the convea curves of the 


Seat Sandal Tongue Gill Great Rigg RydalBeck. Scand: 


[I am indebted to Mr. R. H. Rastall, M.A., I-.G.S., Fellow of Christ’s College, Cambridge) 


the end of the Honister Valley to the head of Derwentwater, (Scales, vertical and horizontal : 3 inches = 1 mile.) 


Honister Mouths 


95° Hi Castle C 
I : igh Doat astle Crag 
Ya mile back N San 485 N oe Gowder 
u 
sa Eieeene ees Present valley-level 250 
| : | 270 : 
1 ' 
. Ww 
via a. eS ee 
! 
sent thalweg, except between Lingmell and Sty-Head Pass, where the section cuts across the head of the Wastwater valley. | 
all-slopes facing westward, and the concave slopes facing eastward. (Scales, vertical and horizontal : 3 inches = 1 mile.) 
Scandale Beck Snarker Pike S.of Kirkstone Woundale Troutbeck 
Pass \ 


se eee mee 
fa eee ee eo ee wre wee 


ing out the above sections, as also those across the hanging valleys of Bleaberry Tarn and Gillercombe.—J. LZ. M. | 


(Quart. Journ. Geol. Soc. Vol. LXII, May 1906. 


N.N.E. 


Near 
Head of 
Derwentwater 


S.of Ill Bell ° E.G IE: 


' 

' i 
' Rainsborrow Kentmere Reservoir 
{ Cove 
| 
1 


Troutbeck Tongue 
' 


Vol. 62.) ANNIVERSARY ADDRESS OF THE PRESIDENT. CxiX 


valley. Proceeding southward from Sty-Head Tarn one ascends 
gradually up the gently-sloping valley-floor, until on reaching the 
watershed the ground falls steeply away to Lingmell Beck, which 
flows into Wastwater. The bottom of the Lingmell valley is there 
about 350 feet below the Sty-Head col. 

Lingmell Beck itself runs along an important shatter-belt. On 
the other side of this belt are Peers Gill and Greta Gill, with deep 
gorges which cut into old hanging valleys. The former may have 
been always connected with the Wastwater drainage and the latter at 
one time with the Sty-Head drainage, although the physical features 
suggest that each drained into Sty Head, and that when the capture 
took place, the streams working along minor shatter-belts were able 
to incise deep gorges in and below the old hanging valleys. The 
Peers-Gill stream, with its Z-shaped course through a valley which 
seems to have been originally straight, forms an excellent illustration 
on a small scale of the manner in which the course of a stream may 
become modified owing to shatter-belts. 

Another feature seems to be also due, or partly due, to the 
capture of the upper waters of the Sty-Head valley. The stream 
that descends between the two Gables has brought down a vast 
quantity of flood-material, which the diminished main stream has 
been unable to carry away; and accordingly its dry delta now 
passes across the main valley at the foot of Sty-Head Tarn, either 
entirely forming the tarn or increasing its depth and size. 


Having described in detail the various features connected with 
shatter-belts and their influence upon hanging valleys, it will 
be well to make a few general remarks about the latter, so far as 
the Lake District is concerned. , 

A large number of the hanging valleys of the district have been 
shown to occur where there is strong evidence of the existence of 
shatter-belts along the main valley, and not down the hanging valley ; 
and in many other cases the structure of the main valley suggests a 
shatter-belt where the direct evidence is not so striking. 

These valleys are marked by the straightness of their courses and 
absence of meanders. Where the shatter-belt has been directly 
responsible for the formation of a valley, as in the Windermere 
Troutbeck, the whole valley possesses a straight course. 

When valleys were initiated on the dome, not at first under the 
influence of shatter-belts, they had established meanders, which 
became incised, as in the cases of Upper Langdale, the Duddon 
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Valley, Ullswater, and others. Where these valleys have subsequently 
been modified by erosion along shatter-belts the modified parts are 
marked by their straightness, as, for instance, that part of the 
Duddon which lies between Wallabarrow and Birks Bridge. 

In some cases the lower parts of valleys which in higher parts 
run along shatter-belts are marked by crooked courses, as in the 
case of the Duddon and Grasmere valleys. In these instances the 
lower portions are in rather soft rocks, or at any rate in very 
well-jointed rocks, which were somewhat easily eroded, and where, 
indeed, the major shatter-belts are often replaced by hosts of minor 
ones. 

I lay special stress on the straightness of the valleys along lines 
of shatter-belt, as the absence of overlapping spurs in such valleys 
has been used as an argument for the deepening of these valleys by 
ice. Whether that deepening be by ice or water, this straightness 
is not due to the eroding agent, but to the rock-structure. 


The width of the valleys and the occurrence of wide alluvial floors 
at their bases shows that, if eroded by water, they established their 
base-levels at a remote date; and it may be argued that this being 
so, the hanging valleys ought to have established their grades. 
That they will do so some day under present conditions is clear; 
but if the amount of erosion carried on by these streams, on rocks 
not occupied by shatter-belts, is insignificant when compared 
with that of the streams which do run over shatter-belts: then, 
notwithstanding the time which has elapsed since the main streams 
established their base-levels, that interval may be but a fraction of 
the whole time required for the adjustment of the grades of the 
tributaries. 

It must be noted also that they are, by degrees, adjusting their 
orades. Sty-Head Beck, for instance, has cut a good deal back from 
Taylor-Gill Fall, and is raising its bed at the bottom of that fall 
by building up a delta-fan ; and the same is the case with the other 
hanging valleys in varying degrees. 

We may note further that, where tributary streams are themselves 
along shatter-belts, they do not occupy hanging valleys: as witness 
the various streams which descend into the Rothay above Winder- 
mere, from Fairfield and Red Screes. 


The importance of hanging valleys is apt to be overestimated 
as the result of casual inspection. Some valleys which appear to 
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‘hang’ are drained by streams which have nearly or quite 
established their base-levels; although, when these streams run at 
the bottom of narrow gorges, the effect is one of a hanging valley. 
Others, again, are due to glacial diversion; but these are on a 
small scale. 

A point which may sometimes be important in diminishing the 
erosive power of the stream of a hanging valley may be noticed. 
When the grades of the tributaries are adjusted to the main stream, 
the plane of saturation in the main stream and its tributaries may 
coincide with the surface of the ground. When a main stream has 
deepened its valley, causing its tributaries to hang, the plane of 
saturation of the latter may be lowered, on account of springs 
breaking out on the side of the main valley below the tributaries, 
thus diminishing the volume of the latter. 


Before leaving this part of the subject I may say a few words 
regarding the sizes of some of the principal hanging valleys of the 
district, and the heights at which they ‘mouth,’ for I believe that 
many are unaware of the importance of some of these valleys. 


Fig. 10.—The hanging valley of Bleaberry Tarn. (See p. exer.) 
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The largest is Measand Beck near Haweswater, which has a total 
length of about 3 miles. Along a portion of this distance its valley- 
floor is nearly flat, forming Fordingdale Bottom. Seathwaite-Tarn 
valley above the Duddon we have already noticed, as being 2 miles 
in length measured along a straight line. Church Beck, on the 
other side of the Coniston Fells, has a course of nearly 2 miles 
above the point where it mouths, and Sty-Head Beck occupies 
12 miles from Sty-Head Pass to its ‘mouth.’ Several others are of 
about this size. 

yoL, LXIl. v 
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As regards height, 
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Fig. 11.—The hanging valley of Gillercombe. 
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' The expressive term Sour-Milk Gill is indicative of a hanging valley. 
There is another from the hanging valley of Easedale Tarn near Grasmere, 
and a third from Gillercombe at Seath waite. 
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500 feet above the main valley, descends at Hobgrumble Gill to 
join it. Sections along Bleaberry-Tarn valley and Gillercombe 
are drawn to true scale, vertical and horizontal, in figs. 10 & 11 
(pp. cxxi & cxxii). 

It will be seen that many of the valleys of the district have been 
deepened by 500 to 1000 feet since the time when the tributary 
valleys had grades adjusted to those of the main valleys—a very 
appreciable proportion (in some cases considerably more than one 
third) of the entire depths of the valleys. 


VI. Depresston or THE OvrsKrIRtTs oF THE Disrricr. 


At the time of the deepening of the main valleys with the 
production of hanging valleys, the country must have stood much 
higher than it does at the present day, and was probably connected 
with the Isle of Man, St. George’s Channel being then dry land. The 
exact height above present level is unknown, but various buried 
valleys filled with Drift give some indication of the minimum 
height. 

In the Memoirs of the Geological Survey, Explanation of Quarter- 
Sheet 91 N.W. (the southern part of the Furness District), is 
a record of a boring at Park House Iron-mine near Dalton-in- 
Furness, where 537 feet of ‘ pinel’ (Glacial Drift) was pierced before 
the solid rock was reached, the top of the bore being about 150 feet 
above sea-level, and rock occurring at the surface at no great 
distance on either side. 

At this time the submergence of the Morecambe-Bay depression 
and the Solway portion of the Eden-Valley depression must have 
occurred ; and in the former area the old valleys which were, as 
already stated, formed along wedge-like masses of Carboniferous 
rocks let down among the Lower Paleozoic rocks, were converted 
into the estuaries of the Duddon, Leven, Winster, and Kent. These 
estuaries have since been largely silted up and converted into the 
peat-mosses which, backed by the Lakeland fells, form so promi- 
‘nent a feature of the southern part of the district. 

More oscillations have since occurred, which are indicated by the 
raised beach near Silverdale, but these are not important as bearing 
upon the general features of the district. If the uplift of the dome 
occurred chiefly in Miocene times, and the depression in pre-Glacial 
times, this would limit the chief period of formation of the valleys 
of Lakeland to Miocene and Pliocene times. 
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VIL. Errscrs or MurnoroLogican Conpirrons, 
(1) Hill-Outlines. 


In a paper in the ‘Geographical Journal’? I briefly called 
attention to the different slopes presented by our hills on the sides 
facing south, west, or south-west, and north, cast, or north-east re- 
spectively, pointing out that those facing the former directions often 
possessed a conyex outline on the summit, becoming concave only 
in the lower parts of the valley, while the slopes in the opposite 
directions were often concave from valley-bottom to hill-summit, 
or to a point not far below that summit; and I argued that the 
convex outline was the result of weathering on peat-covered ground 
where stream-action was insignificant, while the concave sides 
marked slopes where the rock was at the surface, and the outline 
was the ordinary curve of water-erosion. Further observation 
has convinced me of the frequency of this association, and the 
few exceptions that occur are readily explicable by the geological 
structure of the ground. 

To illustrate these remarks I would refer to fig. 9, facing p. exviii, 
which is a section to true scale drawn across the hills of the High- 
Street, Kirkstone, and Helvellyn groups of fells from Kentmere to 
the west side of Dunmail Raise, in a direction approximately from 
east-south-east to west-north-west. The difference of contour has 
nothing to do with the strike of the rocks, which cross the valleys 
nearly at right angles. The valleys chiefly run in shatter-belts, 
and are, as before described, straight and wide. 

The difference in the curvature of the two sides of the valleys is 
very well marked, as may be readily seen on the ground from a 
point west of Pull-Wyke Bay at the head of Windermere. 

It might be suggested that the difference was due to glaciers 
having lingered for a longer period on the sides facing north, 
north-east, or east, than on those facing south, south-west, or west, 
but there is no sign of this in these valleys. Indeed the absence of 
anything approaching combes in the greater number of the valley- 
sides, and the directions of the striw, indicate that these valleys 
were not occupied by lateral glaciers, but by ice moving along the 
direction of the valleys, and there is no reason why this should 
affect one side differently from the other. 

Whether my explanation be correct or no, the appearance is 
significant, and requires elucidation. 


‘<The Origin of Moels & their Subsequent Dissection’ vol. xvii (1901) 
pp. 63-69. i 
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(2) The Glacial Period. 


I do not propose to treat of the glaciation of the district at 
length. ‘The writings of Clifton Ward in our own Journal and in 
the Memoirs of the Geological Survey give an account of nearly 
all that is known (mainly through his own labours) of the subject, 
for little has since been done. 

We are at present concerned with the influence which the ice 
exerted in the direction of modification of the drainage-lines. That 
small diversions have been produced by ice is abundantly clear, the 
examples already noted in the Langstrath valley being typical cases : 
but it is doubtful how far diversion has occurred on a large scale, 
owing to our ignorance of the events which happened during the 
period of maximum glaciation. 

It is in connexion with the larger existing lakes that the evidence 
seems most clear, as described in my paper on ‘ The Waterways of 
Lakeland,’ though all the cases therein noticed will not hold good, 
as, for instance, that which I described in the case of Wastwater 
along the line of Countess Beck. 

The presence of dry valleys at the foot of Bassenthwaite Water, 
Thirlmere, and Windermere, however, points to diversion; of these, 
the most striking is that of Windermere, concerning which a few 
remarks may here be made. 

In order to produce diversion, it is not necessary that a lake should 
be formed entirely by the construction of a glacialdam. If the 
lake is partly due to erosion or earth-movement, and partly to the 
formation of a dam, the waters may be switched into another valley. 
And here I must confess that, in papers which I have written in 
former years, in discussing the origin of the lakes of this region, I 
haye overestimated the importance of these dams. As the result 
of subsequent examination on many occasions, I am convinced that 
Watendlath Tarn and Elterwater among the smaller lakes, and 
Thirlmere among the larger, lie in true rock-basins. This being so, 
many of the other lakes may be partly in rock-basins, and owe not 
their origin, but only an increase in size, to the barriers of Glacial 
Drift. 

Windermere certainly owes its present water-level tosucha barrier, 
which, as I have elsewhere described, blocks the Cartmell Valley at 
the foot of the lake. This valley is a wide important valley occupied 


by an insignificant runnel. The water has been diverted into its 


present course to the west of the old valley, passing Haverthwaite 


and entering the Leven estuary. It is clear that this stream is 
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too large for the valley, and has not had time to adjust itself to the 
new conditions. 

Now, in order that the waters of a lake may be switched off from 
one valley to a parallel one, it must rise up a tributary of the former 
until it reaches a col over which the waters of the Jake will find 
egress. ‘This has occurred at the foot of Windermere, and accordingly 
the lake has a hook-like end, the bent portion turning westward 
near Newby Bridge; and similar hooks occur, although not so well 
defined, at the lower ends of some of the other lakes. 

It would appear, then, that diversion has occurred on a fairly- 
large scale, as the result of glacial action. Nevertheless, L believe 
that many of the cases which I have described were produced in 
pre-Glacial times, especially those in the uplands. 

That many of the U-shaped valleys were to some extent widened 
by ice may be regarded as certain, and this widening may in some 
cases have been important. I see no evidence, however, that these 
valleys have been over-deepened by that agent, in some cases to an 
extent of over 1000 feet ; and, for reasons given above, I regard this 
deepening as essentially the act of water working along shatter- 
belts. 

The changes which have taken place since the Glacial Period do 
not bear upon my present subject in any high degree. The 
principal events of that time are recorded by Clifton Ward in the 
Survey Memoir on ‘ The Geology of the Northern Part of the English 
Lake District.’ 


VILL. Concrustion. 


I have endeavoured to show that, so far as the present physical 
features of the English Lake District are concerned, the events 
which produced them are, in a geological sense, recent, beginning 
with the great period of continent-formation in Middle Tertiary 
times, and that inost of the changes to which the district owes its 
surface-forms occurred in Miocene and Pliocene times, although 
these forms owe much of their characters to the structures which 
were impressed upon the rocks at a period far more remote. 

I regard the shatter-belts as having played the most important 
role in causing the modification of the lines of drainage which 
were originally impressed upon the area when the dome was 
elevated. . To the existence of these shatter-belts I attribute that 
intricate network of upland and lowland which is so marked a 
feature, particularly in the central portion of the district. 
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I must admit that there is much that is speculative in this 
Address, and, so far as details are concerned, I have made suggestions 
some of which may be proved to be untenable as the result of 
future work. Many, indeed, of my inferences may appear to be 
especially doubtful to those who do not know the district; for it is 
impossible to do justice to the significance of features which appeal 
to one forcibly when they are actually viewed, without entering 
into an excess of detail which would extend this Address to an 
inordinate length. The cumulative evidence that I have collected 
points, however, in one direction, namely that erosion has occurred 
so much more rapidly and extensively along the lines of shatter- 
belts than over the intervening tracts of rock, that these belts are 
of great significance in determining the amount of erosion. 

This is, I believe, not a matter of mere local importance, but will 
have wide application. We have hitherto acquired our knowledge 
of the laws of water-erosion by study of comparatively-soft rock, 
where the work proceeds pari passu over all parts of any tract of 
rock of similar lithological constitution, and the divisional planes are 
of subsidiary importance. In the case of hard rock, I regard these 
divisional planes as of primary import, and the texture and hardness 
of the rocks as playing a minor part. As these divisional planes 
are so frequently concealed for long distances beneath the super- 
ficial accumulations of the valley-floors they are apt to escape 
detection, and accordingly I believe that their importance has been 
largely underestimated. 

I need not apologize for having confined myself to a particular 
district, instead of roaming over the world at large in search of 
illustrations. I have known and loved the district since my 
boyhood’s days, and would fain induce more geologists to visit a 
region where geology and physical geography can be studied under 
conditions that stimulate much that is good beside the spirit of 
scientific enquiry. 

In my Address I have tried to answer tio questions put forward 
by Ruskin in 1877': 
first, what material there was here to carve; and then what sort of chisels, 


and in what workman’s hand, were used to produce this large piece of precious 
chasing or embossed work, which we call Cumberland and Weste-moreland.’ 


My term of office as your President is now over. In offering my 


1 ¢PDeucalion,’ edition of 1801, p. 211. 
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thanks to the Officers and permanent officials, to the Council, and 
to the general body of the Fellows, for the invariable kindness that 
I have received and the assistance rendered to me during the two 
years in which I have occupied this Chair, I am making no coldly- 
formal recognition of the benefits extended to me—benefits which 
have made my term one full of happiness. 

You have shown by your selection of my successor, who is now 
for the second time President, that you are aware that an important 
event in the history of the Society will mark the period of his 
occupation of the Chair. I refer to the celebration of the Centenary 
of our foundation. 

We all wish that this celebration may be observed in a fitting 
manner, and have ensured the fulfilment of our wish by the election 
of Sir Archibald Geikie to the Presidency. 
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February 21st, 1906. 


Sir Arcurpatp Gaixre, D.C.L., Se.D., Sec.R.S., President, 
in the Chair. 


Herbert Bolton, Curator of the Bristol Museum, 18 Devonshire 
Road, Westbury Park, Bristol; James Cross, 4 & 6 Church Street, 
Camberwell, S.E. ; and eae Hilgendorf, M.A., D.Sc., Agricultural 
College, Lincoln (New Zealand), were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Constitution of the Interior of the Earth, as revealed by 
Earthquakes.’ By Richard Dixon Oldham, F.G.S. 


2. ‘The Tarannon Series of Tarannon.’ By Miss Ethel M. R. Wood, 
D.Sc. (Communicated by Prof. Charles Lapworth, M.Sc., LL.D., 
E-R.8., F.G.8.) 


The following specimens, etc. were exhibited :— 


Fossils from the Tarannon Series, exhibited in illustration of the 
paper by Miss E. M. R. Wood, D.Sc. 

Dental Bone of Coniosaurus crassidens (Dixon) from the Holaster- 
subglobosus Chalk, Burham, near Rochester, exhibited by G. E. 
Dibley, F.G.S. 

The following MS. work was exhibited by Henry Johnson, F.G.S.: 
‘A Specimen of a Natural History of the Earth, particularly with 
regard to new Islands raised out of the Sea, of whose Origin an 
Exact Account is given, with a view to establish Dr. Hooke’s 
Theory, concerning the Origin of Mountains & of Petrified Bodies,’ 
translated from the German of Ralph Eric Raspe, 1763. 


March 7th, 1906. 


Sir Arcursatp Gerin, D.C.L., Sc.D., Sec.R.S., President, 
in the Chair. 


James Archibald Douglas, B.A., Keble College, Oxford; and 
David Pugh-Jones, C.A., ES. I, , Llandatt (Glamorgan), were elected 


Fellows of the Society. 


The List of Donations to the Library was read. 
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The following communications were read :— 


1. ‘On the Occurrence of Limestone of the Lower Carboniferous 
Series in the Cannock-Chase Portion of the South-Staffordshire Coal- 
field.’ By George Marmaduke Cockin, F.G.S. 


2. ‘Liassic Dentaliide.’ By Linsdall Richardson, F.G.S. 


The following specimens, etc. were exhibited :— 


‘Carboniferous Limestone from Fair Oak (Staffordshire) and 
fossils from the same, exhibited by G. M. Cockin, F.G.S., in 
illustration of his paper. 

Liassic Dentaliide, collected on the new Honeybourne & Chelt- 
enham Railway, exhibited by L. Richardson, F.G.S., in illustration 
of his paper. 

Geological Survey of Alabama: Revised Map of the South- 
Eastern Part of the Cahaba Coalfield, on the scale of 14 inches to 
the mile, 1905, presented by the State Geologist of Alabama. 


March 21st, 1906. 
AvusREy Srrawan, M.A., F.R.S., Vice-President, in the Chair. 


Maurice Marcel Allorge, L. és Sc., Demonstrator of Geology in 
the University of Oxford; Philip de Gylpyn Benson, B.Sc., Beech- 
grove, Sydenham Hill, 8.E.; Andrew Bury, 1 Halifax Road, 
Ashton-under-Lyne (Lancashire) ; George William Edwards, Mining 
Engineer, Johannesburg (Transvaal); and Arthur Wade, 35 Hale 
Road, Liverpool, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘The Chalk and Drift in Moen.’ By the Rev. Edwin Hill, 
MAS EGS: 


2. ‘On the Relations of the Chalk and Boulder-Clay near 
Royston (Hertfordshire).’ By Prof. T. G. Bonney, Sc.D., LL.D., 
ELR.Ss EGS, 


3. ‘Brachiopod Homeomorphy: Pygope, Antinomia, Pygites.’ 
By 8. 8. Buckman, F.G.S. 
The following lantern-slides were exhibited :— 


Lantern-slides, exhibited by the Rev. Edwin Hill, M.A., F.GS., 
in illustration of his paper, 
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April 4th, 1906. 
KR. 8. Herrms, M.A., Vice-President, in the Chair. 


Simeon Priest, 40 Church Terrace, Fenton, Stoke-on-Trent, was 
elected a Fellow; and Prof. John M. Clarke, LL.D., Director of 
the New York State Museum, Albany (N.Y.), U.S.A., and Dr. Jakob 
Johannes Sederholm, Director of the Geological Survey of Finland, 
Helsingfors (Finland), were elected Foreign Correspondents of the 
Society. 


The List of Donations to the Library was read. 


The following communications were read :—- 


1. ‘On a Case of Unconformity and Thrust in the Coal-Measures 
of Northumberland.’ By Prof. G. A. L. Lebour, M.A., M.Sc., F.GS., 
and J. A. Smythe, M.Sc., Ph.D. 


2. ‘The Carboniferous Succession below the Coal-Measures in 
North Shropshire, Denbighshire, and Flintshire.’ By Wheelton 
Hind, M.D., B.S., F.R.C.S., F.G.8., and John T. Stobbs, F.G.S.? 


The following specimens and lantern-slides were exhibited :-— 


Rock-specimens and lantern-slides, exhibited by Prof. G. A. L. 
Lebour, M.A., M.Sc., F.G.8., in illustration of his and Dr. Smythe’s 
aper. — er ; 
2 Carboniferous fossils, and lantern-slides, exhibited by Dr. W. Hind, 
BS., F.R.C.S., F.G.S., and J. T. Stobbs, F.G.S., in illustration of 
their paper. 


April 25th, 1906. 
J. E. Marr, Se.D., F.R.S., Vice-President, in the Chair. 


The List of Donations to the Library was read. 


The following communications were read :— 

1. ‘Trilobites from Bolivia, collected by Dr. J. W. Evans in 
1901-1902.’ By Phillip Lake, M.A., F.GS. 

2. ‘Graptolites from Bolivia, collected by Dr. J. W. Evans in 
1901-1902.’ By Ethel M. R. Wood, D.Sc. (Communicated by 
Dr. J. W. Evans, LL.B., F.G.5.) 


l Withdrawn by permission of the Council. 
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3. ‘The Phosphatic Chalks of Winterbourne and_ Boxford 
(Berkshire).’ By Harold J. Osborne White, F.G.S., and Llewellyn 
Treacher, F.G.S. 


The following specimens and map were exhibited :— 


Trilobites and graptolites from Bolivia, exhibited by Dr. J. W. 
Evans, LL.B., F.G.S., in illustration of the papers by P. Lake, 
M.A., F.G.S., and Miss E. M. R. Wood, D.Sc. 

Specimens of Phosphatic Chalk, exhibited by H. J. O. White, 
F.G.S., and Ll. Treacher, F.G.S., in illustration of their paper. 

Geological Map of the Pretoria District, on the scale of 2 miles to 
the inch, by H. Kynaston, A. L, Hall, and F. A. Steart, presented 
by the Director of the Transvaal Geological Survey. 


May 9th, 1906. 


Avsrey Srrauan, M.A., F.R.S., Vice-President, in the Chair. 


William Atwood Tregaskis Davies, Bulong (Western Australia) ; 
and Walter Johnson, 9 Lavender Road, Clapham Junction, 8.W., 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The Cuarrman read, on behalf of the Council, a letter of con- 
dolence addressed by the Foreign Secretary to the Swiss Geological 
Society on the loss of Prof. Eugéne Renevier, For. Memb, G.S., whose 
death was the result of an accident which took place only a few 


days before the proposed celebration of his professorial jubilee at 
Lausanne University. 


The CuarrMAn announced that the Council had resolved to award 
the Proceeds of the Daniel-Pidgeon Fund for 1906 to Miss Hrren 
Draw, Newnham College, Cambridge, who proposes to examine the 
relationship of the Caradoc and Llandovery rocks in South Wales, 
between the Llandeilo and Fishguard districts. 


The following communications were read :— 


1. The Eruption of Vesuvius in April1906.’ By Prof. Giuseppe 
de Lorenzo, For.Corr.G.S8. 


2. ‘The Ordovician Rocks of Western Caermarthenshire.’ By 
David Cledlyn Evans, F.G.S. 
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The following specimens, etc. were exhibited :— 


Photograph of Vesuvius and a map, exhibited by Prof. G. 
de Lorenzo, For.Corr.G.8., in illustration of his paper. 

Specimens of dust, lava, and lapilli, ete., collected during the 
recent eruption of Vesuvius, and a photograph, exhibited on behalf 
of Arthur Collins by Prof. E. J. Garwood, M.A., Sec.G.S. 

Specimens from the Ordovician rocks of Western Caermarthen- 
shire and lantern-slides, exhibited by D. C. Evans, F.G.S., in 
illustration of his paper. 

An associated set of teeth of Ptychodus decurrens, Ag. (var. 
depressus) in situ from the Holaster-subglobosus Chalk of Burham, 
near Rochester; and a quartzite-erratic (weighing 3 lbs.) from 
the Chalk of Messrs. Martin & Earle’s Pit, Strood, exhibited by 
G. E. Dibley, F.G.S. 

A copy of the rare 1844 edition of the ‘Outline of the Geology 
of the Neighbourhood of Cheltenham, by R. I. Murchison, 
exhibited by S. 8. Buckman, F.G.S. 


May 28rd, 1906. 
R. 8S. Hurrizs, M.A., Vice-President, in the Chair. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. ‘On the Importance of Halhmeda as a Reef-forming 
Organism ; with a Description of the Halimeda-Limestones of the 
New Hebrides.’ By Frederick Chapman, A.L.S., F.R.MLS., and 
Douglas Mawson, B.E., B.Sc. (Communicated by Prof. T. W. 
Edgeworth David, B.A., F.R.S., F.G.S.) 


- 2, ‘Notes on the Genera Omospira, Lophospira, and Turritoma ; 
with Descriptions of New Species. By Miss Jane Donald. 
(Communicated by Prof. E. J. Garwood, M.A., Sec.G.S.) 


The Rev. H. H. Wrywoop, in exhibiting a series of water- 
colour drawings of Mexican scenery, said that these 
beautiful sketches were executed by Miss A. C. Breton, during 
a recent visit to Mexico; and, as the International Geological 
Congress was about to meet in that country, she thought that some 
of the Fellows might like to see them. * They represented that line 
of active and extinct volcanos which stretches from the Gulf of 
Mexico on the east to the Pacific Ocean on the west, including 
Orizaba, Popocatepetl, Jurullo, and Colima. A short extract from 
the publications of the Mexican Geological Survey, translated by 
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Miss Breton, was read respecting the formation of Popocatepetl 
(‘smoking mountain’), showing how the successive periods of 
volcanic energy may be marked (a) by a period of lava-flow, (6) by 
one of breccia, and finally (c) by one of ashes. The angles of slope 
of the volcanos were drawn to scale. 


Prof. H. J. Jounston-Lavis exhibited upwards of forty lantern- 
slide views, to illustrate the late eruption of Vesuvius and 
its effects. Nearly all these were taken by the exhibitor, who 
explained the different phenomena portrayed. 


In addition to the exhibits mentioned above, the following 
specimens, etc. were exhibited :— 

Photographs exhibited by Prof. T. W. Edgeworth David, F.R.S., 
F.G.S., in illustration of the paper by Messrs. F. Chapman & 
D. Mawson. 

Specimens, casts, and drawings, exhibited by Prof. EK. J. Gar- 
wood, M.A., Sec.G.S., in illustration of the paper by Miss Jane 
Donald. 

Halite in fine crystals, from a portion of the old cone ejected in 
the recent eruption of Vesuvius, exhibited by Prof. H. J. Johnston- 
Lavis, M.D., F.G.S. 


June 13th, 1906. 


Sir Arcuispatp Gurxie, D.C.L., Se.D., Sec.R.S., President, 
in the Chair. 


Joseph Davies, M.Australasian Inst.M.E., Mine-Manager, Bulong 
(Western Australia); James Francis, 26 Horton Road, Hackney, 
N.E.; Charles R. Hewitt, Mining Engineer, London Road, Derby ; 
Owen Thomas Jones, Geological Survey of England, Blaenffynon, 
Newcastle Emlyn, 8.0. (Caermarthenshire) ; Edward Arthur de 
Lautour, Mining Engineer, Magnet (Tasmania); John M. Milton, 
8 College Avenue, Crosby, Liverpool ; James Cowie Simpson, junr., 
The Avenue, 40 Greenhill Gardens, Edinburgh ; and Richard 
Fletcher Whiteside, M.I.M.E., 62 Fern Grove, Sefton Park, 
Liverpool, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The Names of certain Fellows of the Society were read out for 
the first time, in conformity with the Bye-Laws, Sect. VI, Art. 5, 
in consequence of the Non-Payment of the Arrears of their 
Contributions, . 


The following communications were read :— 


1. ‘Recumbent Folds produced as a Result of Flow.’ ; By 
Prof. William Johnson Sollas, Sce.D., LL.D., F.R.S., F.G.S. 
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2.*The Crag of Iceland—an Intercalation in the Basalt- 
Formation.” By Dr. Helgi Pjetursson. (Communicated by 
Prof. W. W. Watts, M.A., M.Sc., F.R.S., Sec.G.8.) 


Mr. Georcr Azszorr, in exhibiting specimens and photo- 
graphs of limestonesshowing band- and ball-structure, 
remarked that, at Fulwell-Hill Quarries, near Sunderland, some of 
the uppermost beds of the Magnesian Limestone presented this 
peculiarity. In places, the limestone contained as much as 97 per 
cent. of calcium-carbonate. The solid bands of limestone were from 
1 to 7 inches thick, but the ball-layers were seldom more than 
1 inch wide. This was a form of parallel banding that had no 
regular relation to the bedding, being sometimes at right angles 
thereto, and might even be seen passing uninterruptedly through 
several underlying bedding-planes. The speaker considered the 
structure to be the result of segregation after the formation of a 
mass of balls. 


In addition to the exhibit mentioned above, the following 
specimen and lantern-slides were exhibited :— 

Quartzose gravel from the upper part of the Reading Beds, Lane 
End (Buckinghamshire), exhibited by H. J. O. White, F.G.S. 

Lantern-slides exhibited by Prof. W. J. Sollas, Sc.D., LL.D., 
F.R.S., F.G.S., in illustration of his paper. 


June 27th, 1906. 


Sir ArcuiBaLp Gute, D.C.L., Sc.D., Sec.R.8., President, 
in the Chair. 


The List of Donations to the Library was read. 


The Names of certain Fellows of the Society were read out for 
the second time, in conformity with the Bye-Laws, Sect. VI, Art. 5, 
in consequence of the Non-Payment of the Arrears of their 
Contributions. 


The Prestpenr announced that the Foreign Secretary had, on 
behalf of the Officers and Council, addressed a letter of con- 
gratulation to Commendatore Prof. Arturo Issel, For.Corr.G.S., 
on the occasion of the fortieth anniversary of his professorate. 


The following communications were read :— 


1. ‘Interference-Phenomena in the Alps. By Mrs. Maria 
M. Ogilvie Gordon, D.Sc., Dig Dis. Welles (Communicated by 
Sir Archibald Geikie, D.C.L., Sc.D., Sec.R.S., P.G.S.) 


2. ‘The Influence of Pressure and Porosity on the Motion of 
Sub-Surface Water.’ By William Ralph Baldwin-Wiseman, M.Sc., 
Assoc.M.Inst.C.E., F.G.S. 
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The following maps, drawings, etc., were exhibited :— 


Drawings and lantern-slides, exhibited in illustration of the 
paper by Mrs. M. M. Ogilvie Gordon, D.Sc., Ph.D., F.L.S. 

Maps and drawings, exhibited by W. R. Baldwin- Wiseman, 
M.Sc., F.G.S., in illustration of his paper. 

Photographs illustrating the Geology of Perim Island, exhibited 
on behalf of Surgeon 'T. P. Thomson. 

Geological Map of the British Islands, 1 inch=25 miles (colour- 
printed); and Geological Survey of England & Wales, 1-inch 
Geological Map, n. s. Sheets 326 & 340,—Sidmouth (Drift), 
colour-printed, by H. B. Woodward, W. A. E. Ussher, C. Reid, 
& A. J. Jukes-Browne, 1906. Presented by the Director of H.M. 
Geological Survey. 

Geological Map of parts of the Essequibo and Cuyuni Rivers 
(British Guiana), on the scale of half an inch to the mile, by 
J. B. Harrison & C. W. Anderson, 1905, presented by the Authors. 


GENERAL INDEX 


TO 


THE QUARTERLY JOURNAL 


AND 


PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


AxssorT, G., exhibits specims. & 
photographs showing band-and - 
ball structure in limestones, cxxxy. 


Aberdauddwr (Caermarthen), 604, 
606. 
Aberdeenshire (Scotland), Glacial 


Period in, 13-27. 

Abertigan (Caermarthen), 623, 631. 

Absolute base-level of erosion defined, 
80, 85. 

Acceleration, relative, of coral-fauna 
on brachiopod-fauna in Zaphrentis- 
& Syringothyris-cones of Mendip 
area, 3855, 357. 

Acheron Point (N.Z.), tinguaite of, 
394-95 w. chem. anal. 

Acicular habit of augite, in marginal 
rocks, 266. 

Acid dykes of Burtness-Combe com- 
plex, 263-64. 

Actinocamax granulatus fr. Winter- 
bourne & Boxford phosphatic 
Chalk, 499-500, 505, 506, 508, 513 
et seqq. 

quadratus, zone of, insoluble 
residues from, 140, 142-43; A.-¢. 
zone at Winterbourne, 505-507, 508 
ot seqq. 

Apams, F. D., Lyell medal awarded 
to, xly—xlvii. 

/Bgirine, replacing amphibole 
Dunedin rocks, 392, 393. 

Zégirine-augite-olivine basalt, altered, 
of Theotonio Cataract, 109-13 w. 
chem. anals. & pl, vy (microscope- 
sect. ). 

Afon Iaen, &e., see Iaen, &c. 

Agglomerate, voleanic, of 
Boicheach, 52-54. 


in 


Bidein 


Agulhas Bank (Cape Colony), 79-30. 

Alabama (U.S.A.), Geol. Surv, map 
presented, cxxx, 

Alderbury syncline & Salisbury Plain, 
sect. across, pl. vi. 

Allanite in granite of Santo Antonio 
Cataract, 114-15 w. fig, 

Aven, Ho AL. Ooo Te 

Alluvium, recent, in Dunedin district 
(N.Z.), 391. 

America, South, sce South America. 

Ammonites, Oxfordian &  Pliens- 
bachian, developmental stages of, 
450-51, 

Amphibian (?) footprints fr. Permian 
of Mansfield, 125-31 tigs. 

Amphibole, see Hornblende. 


Ampleai-Zuphrentis, subgen, nov., 
315-16 & pl. xxix. 
Amplexus cf. coralloides, 866. 
sp., 366. 
Analcite-rock of Portobello Bay 


(N.Z.), 898 w. chem. anals. & pls. 
XXXvili—xxxix (microscope-sects.), 
424, 

Analyses, chemical, of Eigg rocks, 51, 
52,64; of Brazilian cataract-rocks, 
107 et segg.; of rauchwacké, 177; 
of igneous rocks of Dunedin (N.Z.), 
392 et seqq.; of Halimeda-limestones, 
707, 709. 

Andalusite, inclusions of chiastolitic, 
in microeline, 103. 

Anprrson, C. W. (& J. B. Harrison), 
present geol. map of Brit. Guiana, 
CXxxvi. 

Andes (8. America), geology of country 
betw. Rio-Beni cataracts and, 93- 
95, 
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Andesites of Dunedin district (N.Z.), 
408-409 w. chem. anals.; see also 
Augite-andesite and Hornblende- 
anclesite. 

Andesitic Series (Lr. & Upper) of 
Llangynog district, 283-34, 284-85, 
238-41, 2438-44 & pls. xxiv—-xxv 
(microscope-sects.) ; andesitic type 
of trachytoid phonolite in Dunedin 
district (N.Z.), 401-403 w. chem. 
anals., 403-404. 

Anprew, A. R., 698. 

Anprews, C. W. [obituary of T. 
Barron], lxv. 

Anniversary Address, lii-exxviii figs. 

Annochie (nr. Rattray Head), silt w. 
Arctic shells at, 32. 

Annual General Meeting, ix—li. 
Anorthoclase-rocks (trachyte) of 
Dunedin district (N.Z.), 399, 400. 
Anticlinal axis in Lake District, 

excentricity of, lxxv; axes in S. 
America, 91; do. in Llangynog 
district, 246-47; in W. Caermar- 
thenshire, 598; in Tarannon area, 

652. ' 

Antinomia, stages of development of, 
437; genus defined, 441. 

angulata, 444. 

—~ angusta, 443 & pl. xli. 

—— antinomia, 442. 

—— Catulli, 442. 

—— cor, 442 & pl. xli. 

—— dilatata, 442 & pl. xli. 

—— equicampestris, 444. 

——- diphora, 441 & pl. xli. 

—— pileus, 444 & pl. xli. 

planuata, 44) & pl. xl. 

—— Quenstedti, nom. noy., 443. 

—— sima, 441 & pl. xl. 

triquetra, 443; cf. 

443-44 & pl. xli. 

sp. a, 442 & pl. xli. 

sp. B, 443. 

Apachite(?) in Mopanui phonolite, 
404. 

Apatite-crystals penetrating horn- 
blende, 391 & pl. xxxviii (micro- 
scope-sect.). 

Aplitic veins in Ennerdale grano- 
phyre, 261; see also Haplite. 

Apolo (Bolivia), trilobites from, 425 
et segg. & pl. xl. 

Araucaroxylon ({) fr. Bigg, 62, 63. 

Aretic shell-beds on 8. border of 
Moray Firth, 32-38, 34 e seqq. 

Ardersier (Inverness), shelly silt at, 
34. 

Arenig Beds of Llangynog ‘district, 
226-30; of Bolivia, trilobites from, 
425 et seqg.; do., graptolites from, 


triquetra, 
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431-32; Ar. Beds of W. Caer- 
marthenshire, 603-12. 

Armboth: Dyke shifted by tear-faults, 
xxvii. 

Armorican earth-movements in Lud- 
low district, 200. 

Asaphus-tyrannus Beds of W. Caer- 
marthenshire, 624—26 w. lists of foss. 

Asgood (Caermarthen), 599, 615. 

Ashes & asby mudstones, &c. (Ordo- 
vician) in W. Caermarthenshire, 
601 et segg., 605, 613. 

Ashley Wood (Hants), sect. to near 
Braishfield, through Farley Down, 
pl. vi. 

Assets, statement, of, xl. 

Atherb Farm (Aberdeen), ice-trans- 
ported débris at, 29. 

Athyris expansa, 312-18; cf. expansa, 
374-75. 

glabristria, 312; ef. glabristria, 

374. 

ef. lamellosa, 374 & pl. xxxii. 

— planosulcata, 312, 313; cf. plano- 
sulcata, 3875. 

Atsone R. (8. Santo), Halimeda- 
limestone from, 707-708 & pl. 1. 
Au Koraki (N.Z.), trachytoid phono- 

lite of, 402 w. chem. anal. 


Auchterellon, Craigs of (Aberdeen), 
29 


€ 
a4. 


Auditors elected, vi. 

Augen-like nodules of limestone in 
Rush sequence, 283, 290, 293. 

Augite, pseudomorphs after, 239 & 
pl. xxv; ophitic augite in Tre-hyrn 
diabase, 244 & pl. xxvi; acicular 
habit of augite in marginal rocks, 
266. 

Augite-andesites of Llangynog dis- 
trict, 238 e¢ segg., 243, 248; aug.- 
diorite of Dunedin (N.Z.), 394, 422 ; 
pe of Bowness Knott, 

Austria-Hungary, Geol. Surv. maps 
presented, ii. 

Avonian, use of term, 323, 325, 379; 
Av. of S.W. Province & W. Mid- 


lands, correlation of Rush  se- 
quence with, 300-3804; Av. of 


Mendip area, 324-80 figs. & pls. 
xxxi-xxxv; s¢e also Carboniferous. 
Awards of medals & funds, xli-li. 
Aymestry Group in Ludlow District, 
197, 198, 202 et segq. 
Ayrshire (Scotland), Omospira, Lopho- 
spira, & Turritoma from, 558 et 
seqq. 


Bala Series of Ayrshire, Omospira, &c. 
from, 553 e¢ segg.; Bala-Caradoe 
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rocks of W. Caermarthenshire, 633— 
40 figs. w. list of foss. 

Balance-sheet for 1905, xxxvi-xxxvil. 

Baucu, H. E., 326, 362. 

Batpwin-Wiseman, W. R., on the 
Infiuence of Pressure & Porosity on 
the Motion of Sub-Surface Water 
(title onl), exxxy. 

Bamboes Bay (Cape Colony), coast- 
ledge at, 79, 83. 

Banatite (?) in Wastwater district, 
266-67. 

Banc-y-felin (Caermarthen), 599, 603. 

Band-and-ball structure in Magnesian 
Limestone, ¢xxxv. 

Banffshire (Scotland), dark-blue clay 
of coast & N. Aberdeenshire, 34- 
39. 

Bartow-Jamuson Fund, list of awards 
from, xxxill. 

Barron, 7., obituary of; Ixy. 

Basalts, granulitic amygdaloidal. of 
Kigg, 41, 42, 45 e¢ segq.; altered 
wgirine-augite-olivine basalts of 
Theotonio Cataract, 109-13 w. 
chem, anals. & pl. v (microscope 
sect.); of Dunedin district (N.Z.), 
411-13 w. chem. anal.; of Iceland, 
Pleistoc. & pre-Pleistoc., 713-14. 

Basanites of Dunedin district (N.Z.), 
409-10 w. chem. anals., 413. 

‘Base-level of erosion, absolute, defined, 
80, 85. 

‘Basement Carboniferous,’ so-called, 
of Lake District, ]xxxii. 

Basford Hill (Berks), Reading-Bed 
outlier, 501. 

Bassus-subzone in Mendip area, 327. 

Bastard (calcareous sandstone), 125. 

Barunr, F. A., 295; exhibits N.Z. 
fossil known as ‘Mount-Torlesse 
annelid,’ iv; [on crinoids fr. Rush 
Slates], 296. 

Bavuts, G., 521, 522. 

Bayuis, Miss M., 499, 521. 

Beaches, raised, in 8.W. of Cape 
Colony, 74, 79. 

Beacon - Hill pericline (Mendip) & 
Ayonian exposures, 337, 340, 343- 
44, 347, 350, 353. , 

Brastuy, H. C., 1381; Barlow-Jame- 
son fund awarded to, li. 

Brrcuer, E. F., 594. 

Belhelvie (Aberdeen), Glacial deposits, 
&e. at, 26, 27. 

Beuinranrs, L. L., translates G. de 
Lorenzo’s paper, 476. 

Bell Hill (Dunedin), augite-diorite of, 
394, 422. 

Belscamphie (Aberdeen), 
Clay, &c. at, 17-18. 


Boulder- 
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Ben Aigan (Moray), S. margin of 
Moray ice-sheet at, 31. 

Beni, Rio (Brazil), rocks of cataracts 
of, 88-124 figs. & pl. v (microscope- 
sects.). 

Berry How (Wastwater), 260. 

Beyrichia-bands in Temeside Group, 
205, 204. 

Biaxial mineral, method of determin- 
ing optic axial angle of, iv. 

Bibliography of Alpine lakes, 165-66; 
of Clay-with-Flints, 132 e¢ segq.; 
of Silurian of Ludlow district, 195—- 
96; of igneous rocks of Llangynog, 
224-25; of Otago Peninsula, 381 ; 
of Pygope, Antinomia, and Pygites, 
451-52; of Ordovician of W. Caer- 
marthenshire, 598; of Tarannon 
Series, 644-49. 

Bicincta-section of Lophospira defined, 
5d6. 

Bidein Boidheach (Higg), 49 et seqq., 
53 fig. & pl. iv. 

Bifidate stage in Antinomia, Pygope, 
& Pygites, 4387, 441-42, 445, 449 
& pl. xli; in Terebratuloids, 450. 

Biaspy medallists, list of, xxvxiii. 

Binate, see Bifidate. 

Biotite in Buttermere & Ennerdale 
granophyre, 259. 

Birefringence, defined as rate of rela- 
tive retardation, 100. 

Birkhill Beds, equivalents in Taran- 
non area, 675, 692-93, 697. 

Birks Bridge (Lake District), format. 
of gorge at, civ. 

Birmingham (Warwick), scismo- 
graphic record of Doncaster earth- 
quake at, 9. 

Black coating of Brazilian cataract- 
rocks, 99, 104, 121-22 w. chem. 
anal. 

Black Dog (Aberdeen), 26. 

Black-Down pericline (Mendip), & 
Avonian exposures, 337, 339, 341, 
345, 848, 351. 

Black-Moss Dub (Lake District), 
format. of, cili. 

Black Ven, see Lyme Regis. 

Blackpots (Banff), dark-blue clay, &c. 
at, 36-37. 

Blaencediw (Caermarthen), 606 ¢¢ 
seqq- 

Blaenweneirch 
et seqq. 

Buake, G.S., chem. anals. of Brazil. 
cataract-rocks, 107 et seqq. 

Buanrorp, W. T., resolution of con- 
dolence on decease of, i; portrait 
presented by Mrs. Blanford, vi; 
obituary of, li, lvi-lx. 


(Caermarthen), 605 
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Bleaberry Tarn (Lake District), hang- 
ing valley of, exxi fig., cxxil. 

Blown sands in 8.W. of Cape Colony, 
76-77; infilling cracks in dried 
mud, &¢., 102; blown sands in 
Dunedin district (N.Z.), 882, 391. 

Blue Clay of Banffshire coast & N, 
Aberdeenshire, 34-39. 

Blueskin (N.Z,), phonolite of, 404, 
423, 

Boathow Crag (Ennerdale), grano- 
phyre of, 257 & pl. xxviii (¢nicro- 
scope-sect.). 

Bokkeveld Slates (Cape Colony), 70, 
72, 76, 81; equivalents in Bolivia, 
426, 432. 

Bolivia, trilobites from, 425-30, 432 
& pl. xl; graptolites from, 431-82. 

Bone-beds in highest Silurian of 
Ludlow district, 198, 205, 205, 209 
et seqq. 

Bonnny, T. G., 123; on the Relations 
of the Chalk & Boulder-Clay near 
Royston (Hertfordshire), 491-97 
figs., 498. 

Bont-y-Green (Montgomery), 677, 
679, 680. 

Borough Hill (Berks), Reading-Bed 
outlier, 501, 508, 511 et segg. 

Borrowdale (Cumberland), sketch- 
map of, exiv ; sect. along Seathwaite 
branch of, to near head of Derwent- 
water, facing cxvili; physiographi- 
cal history of, exili-exviil. 

Borrowdale Series, dominant charac- 
ters of, Ixxiii-lxxv ; B.S. in neigh- 
bourhood of Buttermere & Enner- 
dale, 253 et seqgq. 

Boscotrecase (Italy), 477. 

Boulder-Clay, older, discovered in 
Aberdeenshire area, 21-23; B.C. 
apparently interstratified w. Coal- 
Measure sandst., &c., 488-90 ; B. C. 
& its relats. w. Chalk nr. Royston, 
491-98 figs.; B. C. on Northum- 
brian coast, 5380; see also Drift. 

Bow Bridge (Shropshire), sect. long 
Teme River betw. Downton-Castle 
Bridge and, fig. & descr., 207-209. 

Bowness Knott (Ennerdale), basic 
nodificats. of granophyre at,265-66. 

Boxford (Berks) & Winterbourne, 
phosphatic Chalks of, 499-522 figs. 
w. lists of fossils. 

Brachiopoda, Avonian, of Mendip 
area, range-diagram of, pl. xxxiv; 
brachiopodan homeomorpby, 433- 
55 & pl. xli; see also Antinomia, 
Athyris, &e. 

Bradbourne Beds. correlat. w. upper- 
most beds of Rush sequence, 303. 
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Braichodnant (Montgomery), stream- 
sect. deser., 673. 

Braishfield (Hants), sect. fr. near, 
through Farley Down, to Ashley 
Wood, pl. vi. 

Breccia beneath Eigg pitchstone, 54 
et seqg., 57, 60 figs.; rbyolitic, of 
Llangynog district, 283, 241-42 ; 
igneous, of Port Chalmers (N.Z.), 
889, 892-93, 395-96, 413-14. 

Bredasdorp (Cape Colony), 74, 76. 

Bruton, Miss A. C., water-colour 
drawings of Mexican scenery by, 
CXXxili-cxxxiy. 

Bruwnr, G. W.S., 594. 

Brickearths assoc. w. 
Flints, 1388, 146-47. 

Brier Dene (Northumberland), 530. 

Bristol area, correlat. of Avonian w. 
that of Mendip area, 353-58. 

British Guiana, geol. map presented, 
CXxxvi. 

Bronhaul (Caermarthen), 636 ; list of 
Bala-Limest. foss. from, 634-35. 

Browgill Beds, equivalents in Taran- 
non area, 696, 699. 

Brown coal, Tertiary, of Dunedin 
district (N.Z.), 389, 390. 

Brynmair Shales & Mudstones, 
662-63, 677, 679-81, 684-85, 687 
et seqq., 694. 

Bryozoa-Beds (Lr. Avonian) in Men- 
dip area, 327. 

Buchan Ness (Aberdeen), 19, 20. 

Buckbarrow (Wastwater), granophyre 
of, 255. 

Buckman, 8. S., exhibits 1844 ed. of 
Murchison’s ‘ Geology of Chelten- 
ham,’ exxxiii; on Brachiopod Ho- 
moeomorphy: Pygope, Antinomia, 
Pygites, 433-54 & pl. xii. 

Bunter Conglomerates in Cannock- 
Chase district, 526. 

Burham (Kent), Coniosawrus crassi- 
dens from, exxix; Ptychodus de- 
currens {row, exxxiil. 

Burrington Combe (Somerset), Avo- 
nian sequence in, 838 e¢ segq., 3857. 

me in Cape Colony, 71, 73, 

Ds 

Burt, FB. P., 326. 

Burtness Combe (Buttermere),igneous 
complex of, 261~65 w. map. 

Buttermere & Ennerdale granophyre, 
253-74 w. maps & pls. xxvii-xxviii 
(microscope-sects.); Ordoyic. age © 
of, lxxv, Ixxxi, 


Clay-with- 


Cadagno, Lake (Ticino), 171-72 & 
pls. xi, xviii, : 


Cae-twpa (Montgomery), 669. 
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Caerlleon (Caermarthen), 621; dia- 
grammat. sect. near, 600. 

Caermarthenshire (W.), Ordovician 
of, 597-643 figs. & pl. xlvi (map) ; 
see also Liangynog. 

Cahaba Coalfield (Ala.), map pre- 
sented, cxxx. 

Caleareous sandstone, Tertiary, of 
Seas district (N.Z.), 389- 

Caldeirio do Inferno (Rio Madeira), 
quartz-felsite (?) of, 107-108. 

Caledon (Cape Colony), plateau ex- 
tending fr. Port Elizabeth to, 70 
et seqgq. figs. 

Caledonian earth-novementa in Lud- 
low district, 200. 

Calp, use of term, 276. 

Camarophoria isorhyncha, 376-77 fig. 
& pl. xxxii; aff. dsorhyncha, 313. 

Camarotechia (1) aff. flexistria, 318. 

Camas Sgiotaig (Eigg), Jurassic coni- 
ferous wood at, 62, 63. 

Cambrian (Upper) trilobites fr. Boli- 
via, 425, 426-27 & pl. x1. 

Camoghé, Lake (Ticino), 174. 

Campolungo Pass (Ticino), 184, 192 
& pl. xii. 

Campophyllids, 322 & pl. xxx, 369 & 
pl. xxxi. 

Campophyllum caninoides, sp. nov., 
368-69 & pl. xxxi. 

Camptonite, abnormal, in Dunedin 
district (N.Z.), 398-99 w. chem. 
anal. & pls. xxxviil-xxxix (micro- 
scope-sects.), 422. 

Camptonitic type of tinguaite in 
Dunedin district (N.Z.), 397 w. 
chem. anals. 

Canga (=ferruginous quartz-conglo- 
merate), 92, 99, 101, 102. 

Caninoid Cyathophylla, 367-68 & 
pl. xxxi. 

Cannock-Chase coalfield (Staffs), Carb. 
Limest. in, 523-29 w. map & 
sect. 

Ghia, WS Gy, «sie (Gs lei eiale 
Tuomas), on. the Igneous & Asso- 
ciated Sedimentary Rocks of Llan- 
gynog (Caermarthenshire), 225-50 
figs, & pls. Xxili-xxvl. 

Cape Colony (S. Africa), coast-ledges 
in S.W. of, 70-87 figs. 

Cape Flats (Cape Colony), origin of, 
78-79. 

Capel Bethesda (Caermarthen), ig- 
neous rocks of neighbourhood, 236- 
37 w. map; detailed petrography 
of do., 245; Tetragraptus-Beds near, 
228; Old Red Sandstone near, 
231-32. 
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Carbonaceous beds in Downton-Castle 
Sandstones, 198, 205, 211, 213 e& 
seqgg.; in Llandovery, &c. of Ta- 
rannon district, 656, 668, 682. 

Carbonicola aquilina, 531; see also 
Mussel-Band. 

Carboniferous Limestone all but gird- 
ling the Lake District, xcii; Carb. 
Limest. of Mendip Area, 324-80 
figs. & pls. xxxi-xxxv; Lr. Carb. 
Limest. in Cannock Chase, 523-29 
figs. ; see also Avonian. 

Carboniferous rocks & post-Carb. 
earth-movements in Lake District, 
lxxxii-lxxxv ; Carb. rocks at Rush 
(Co. Dublin), 275-523 figs. w. lists 
of foss. & pls. xxix-xxx (foss.). 

Carcinophylloid Clisiophyllid, 822 & 


pl. xxx. 
Carcinophyllum mendipense, sp. nov., 
369-70 & pl. xxxi. 


Carden Moor (Elgin), glaciated rocks 
at, 27-28. 

Cargill, Mt. (N.Z.), 384, 403, 404, 
418, 419; trachydolerite of, 406, 
407; basalt of, 412. 

Carlyan Limestones, 279, 289, 297, 303 

Carno (Montgomery), 650, 651. 

Carr, J. W., 181. 

Castell Cogan (Caermarthen), rhyo- 
lites of, 234 w. sect.; detailed 
petrography of do., 242-43. 

Castell-gortod (Caermarthen), 
620, 630, 651. 

Catalogue of Library, x, xili; of 
Internat. Sci. Lit., x. 

Cataract-roeks of Rio Madeira, &c., 88- 
124 figs. & pl. v (microscope-sects.), 

Caupolican province (Bolivia), trilo- 
bites from, 425-30, 482 & pl. xl. 

Caynham (Shropshire), Upper Silur. 
inlier, 201, 207. 

‘Cedar-tree’ type of laccolite, 256. 

Centenary record of Geol. Soc., x. 

Chalk, flints from, in Aberdeenshire 
area, their relat. to Red Clay zid., 
20-21; their distribution & cha- 
vacteristics, 24, 29; products of 
solut. of Chalk, 139-43; Chalk & 
Drift in Moen, 484-90; relations 
of Chalk & Boulder-Clay nr. 
Royston, 491-98 figs.; phosphatic 
Chalk of Winterbourne & Boxford, 
499-522 figs. w. lists of fossils. 

Cramperuatn, Miss C., 698. 

Cuapmay, F. (& D. Mawson), on the 
Importance of Halimeda as a Reef- 
forming Organism ; with a Descrip- 
tion of the Halimeda-Limestones of 
the New Hebrides, 702-10 & pls. 


xlix-li. 
3D 


601, 


Cheddar Gorge (Somerset), Avonian 
sequence in, 338, 346, 347, 357. 

Cheirotheroid footprints contrasted w. 
those of Zehniwm, 127-29. 

Chemical classification of rocks, Amer- 
ican, applied to Brazilian cataract- 
rocks, 107, 112, 118, 119; applied 
to igneous rocks of Dunedin dis- 
trict (N.Z.), 414-16; chem. com- 
posit. of weathered rocks, in Coal- 
Measures of Whitley, in relat. to 
that of unweathered rocks 2bid., 
542 et segg. w. diagram; chem. 
analyses, see Analyses. 

Cumyevrinr, A., [on Dentaliwm com- 
pressum, VOrd.}, 592-94. 

Cherts, w. organic remains from Es- 
peranza Cataract, 97; do. in Rush 
sequence, 294. 

Chlorites in Buttermere & Ennerdale 
granophyre, 259-60; see also De- 
lessite. 

Chonetes, convex papilionaceous forms 
of, 308. 

aff. comoides, 373-74. 

Chonetes-Flags = Upper 
Flags, 199. 

Christmas I. (Indian Ocean), Hali- 
meda-limestone of, 703-704. 

Cuurcu, G. E., [on cataract-rocks of 
Brazilian rivers], 99, 103. 

Crark, Miss H., 698. 

Crarkn, J, M., elected For. Corresp., 
CXXX1. 

Classification, American, applied to 
Brazilian cataract-rocks, 107, 112, 
118, 119; applied to igneous rocks 
of Dunedin district (N.Z.), 414-16. 

Clathratus-subzone in Mendip area, 
329. 

Clava (Inverness), shell-bed at, 33-34, 
38-39. 

Clay-with-Flints, origin & distribut. 
of, 182-64 fig. & pl. vi (sects.). 

Cleavage (Devonian) of Lake District 
rocks, lxxxi; cleavage in W. Caer- 
martheushire, 601 ; of latest date in 
British rocks, northernmost locality, 
288. 

Cleistopora-Zone in Mendip area, 325, 
326-28 ; list of exposures, 339-40 ; 
correlat. w. Cl.-Z. in Bristol area, 
353-54. 

Clevedonian, use of term, 325, 379; 
Cleved. of Mendip area, 326-33, 
339-47 ; distinctness of fauna fr, 
that of Kidwellian zid., 359-60. 

Climacograptus cf. confertus fr. Bo- 
livia, 482. 

Clisiophyllids, Cyathophylloid, 370- 
71 & pl. xxxi; Carcinophylloid & 
Cymatiophylloid, 322 & pl. xxx. 
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Clisiophyllum curkeenense, sp. Nov., 
320-21 & pl. xxx; aff. curkeenense, 
371. 

Cl6g-y-frin (Caermarthen), 599, 615, 
624, 636, 638; semidiagrammat. 
sect. near, 600 ; list of Bala-Limest. 
foss. from, 634-35. 

Cuioven, C. T., Murchison medal 
awarded to, xliii—xliv. 

Cnycau (Caermarthen), 638, 639. 

Coal-Measures in neighbourhood of 
Ebbor Rocks, 363; C.-M., denuda- 
tion of, in Cannock-Chase area, 525 
et seqg. w. map; O.M. of North- 
umberland, unconformity & thrust 
in, 530-51 figs. & pl. xlii (sect.). 

Coal-seam at Ebbor Rocks, 362; sup- 
posed, in W. Caermarthenshire, 602, 
615, 629. 

Coast-ledges in S.W. of Cape Colony, 
70-87 figs. 

Cocnin, G. M., on the Occurrence 
of Limestone of the Lower Car- 
boniferous Series in the Cannock- 
Chase Portion of the South Staf- 
fordshire Coalfield, 523-27 w. map 
& sect. 

Celidium contrasted w. Turritoma,570. 

Coldwells Hill (Aberdeen), 20, 21. 

Coug, G. A. J., 276. 

Coutins, A., Vesuvian specimens, &c. 
exhibited by, exxxiil, 483. 
Compression, effects of, on 

Slates, &c., 283-84. 

Conyns, F., 499, 521. 

Conchidium-Limestone, 197, 198, 202 
et segq. 

Cone-in-cone structure in Llanvirn 
Beds, 614; in Talerddig Grits, 
657. 

Conglomerates, ferruginous, of Bra- 
zilian cataracts, 92, 99, 101, 102; 
congloms. in Carb. Limest. of Rush, 
279 et seq. figs., 288 ; late Tertiary 
conglom. of Dunedin district (N.Z.), 
390-91. 

Coniosaurus crassidens fr. Burham, 
Cxxix. 

Coniston Group, dominant characters 
of, Ixxv. 

‘Consumption-dykes’ in Aberdeen- 
shire, 26. 

Continental ledges, illustrated by 
those of S.W. Cape Colony, 70-87 
figs, 

Convergence of species, 305. 

Coomb (Caermarthen), igneous rocks 
near, 232-36 figs. ; detailed petro- 
graphy of do., 238-42 & pls. xxiv— 
XXV (microscope - sects.), 245-44 ; 
Didymograptus-bifidus Beds near, 
230; Old Red Sandstone near, 231. 


Rush 
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Cora-subzone in Mendip area, 334, 

Corals, Avonian, of Mendip area, 
range-diagram of, pl. xxxv; see also 
Amplexus, Campophyllum, &e. 

Coranhuata R. (Bolivia), Arenig 
graptolites from, 431-32. 

Cornucopie-subzone in Mendip area, 
329-30. 

Correlation of Silurian rocks of 
Tarannon area w. those of other 
districts, 692-98 & table iil facing 
692. 

Cossyrite in igneous rocks of Dunedin 
district (N.Z.), 3895, 398, 401, 404, 
406. 

Council, report of, ix-xi ; Council & 
Officers elected, xxiv. 

Crag of Iceland, an intercalation in 
the basalt-formation, 712-15. 

Crag-shells (& Chalk-débris) in Aber- 
deenshire Red Clay, 27. 

Craig-y-Maes (Montgomery), 
dovery, &c. rocks near, 685-89. 

Craven - Arms road (Shropshire), 
Upper Silurian along, 214-15. 

Cresswell, Lr. (Caermarthen), 637, 
639. 

Cretaceo-Tertiary, so-called, in Dun- 
edin district (N.Z.), 390. 

Cromer (Norfolk), geol. conditions 
contrasted w. those of Méen, 488. 
Crondall (Hants), sect. from near, to 

Froyle Down, 154. 

Crook, T., 123. 

Cruciform arrangement of Lr. Carb. 
rocks in North of England, Ixxxiii. 

Cruden (Aberdeen), glacial phenomena 
at & near, 19-20. 

Crust-fold, differential growth along 
transverse fault originating Don- 
caster earthquake, 11-12. 

Crygnant Valley (Montgomery), sect. 
descr., 676. 

Cryptograptus (?) fr. Bolivia, 431. 

Curkeen-Hill Limestone, 294; faunal 
lists from, 299; analysis of do., 
304. 

Current-bedding in Permian of Mans- 
field, 125; in Downton - Castle 
Sandstone, 217. 

Cwm Calch R. (Montgomery), 632 ; 
sect, descr., 674. 

Cwmfelin-Boeth (Caermarthen), 604, 
606, 608. 

Cyathaxonia-Beds at Rush, 279, 290- 
94 figs. ; faunal lists from, 297-99 ; 
analysis of do. & correlation, 301- 
303. 

Cyathaxonia contorta, sp. nov., 317-18 
& pl. xxix. 

—— aff. costata, 318 & pl. xxix. 
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Cyathaxonia rushiand, sp. noy., 316- 
17 & pl. xxix. 

Cyathophylia, Caninoid, 367-68 & 
pl. xxxi. 

Cyathophyloid Clisiophyllids, 370-71 
& pl. xxxi. 

ee, ylluim pachyendothecum, mut., 
371. 

Cymatiophylloid Clisiophyllid, 322 & 
pl. xxx. 

Cyphergat plateau (Cape Colony), 83. 

Cyrtograptus Murchisoni, zone of, in 
Tarannon area, 653-55, 669, 673, 
674 et segg., 695. 


Dalmanites Maecurtia (7), 426, 429 & 
rilleee 

Paitina (2), 426, 429 & pl. xl. 

—— sp. (Devonian), 429. 

Daniznt-Pipgron fund, list of awards 
from, Xxx. 

Dark-blue Clay of Banffshire coast & 
N. Aberdeenshire, 34-39. 

Davin, T. W. E., 403; communicates 
B. Chapman’s & D. Mawson’s paper, 
702. 

Dayison, C., on the Doncaster Harth- 
quake of April 23rd, 1905, 5-12 & 
pl. ii (map). 

Dawkins, W. B., communicates G. 
Hickling’s paper, 125. 

Dayia-Shales, see Mocktree Shales. 

De Vlugt plateau (Cape Colony), 83 ; 
view of, 81 fig. 

Decalcified beds in Rush 
290-93. 

Dee Valley (Aberdeen), Glacial history 
of, 15, 25. 

Deerhouse Bank (Ludlow), sect. descr., 
207. 

Déterlement, see Recumbent folds. 

Delessite (?), spherulitic, 110; deles- 
site in Llangynog andesites, 239-40. 

Denbighshire Grits, 644 e¢ segq., 648 
et seqqg.; see also Kynyddog Grits; 
D. Shales, see Nant-ysgollon Shales. 

Densiphyllum, 318 & pl. xxix. 

Dentaliidx, Liassic, 573-96 figs. & 
pl. xlv. 

Dentalium acutwm, sp. noy., 574 & 
pl. xlv. 

angulatum, 574-75. 

—— compressuin, see D. trigonale. 

— clongatwn & var. gracile, 575-78 
& pl. xiv. 

etalense, 578-79 & pl. xly. 

giganteum, 579-81 fig. & pl. xlv, 

593-96. 

hexagonale, sp. nov., 581 & 
pl. xlv. 

—— Huttoni, iv. 
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Dentalium liassicum, 581-82 & pl. xlv. 

limatulum, 582 fig. 

— minimum, 582-84 & pl. xlv. 

oblongum, sp. nov., 585 & pl. xlv. 

parvulum, sp. noy., 585-87 & 

pl. xlv. 

subovatum, sp. nov., 587-88 & 
pl. xlv. 

—— subquadratum, sp. nov., 588-89 
& pl. xlv. 

—— subtrigonale, sp. 
pl. xlv. 

— Terquemi, sp. noy., 589-90. 

—— trigonale, 590-94 & pl. xlv. 

Denudation, Devonian, of Lake-Dis- 
trict rocks, lxxxi-lxxxii; enormous 
extent of denudat. in Inner Hebri- 
des, 65-66, 68; denudat. of Coal- 
Measures in Cannock-Chase area, 
523 et segg. w. map; denud. within 
do. on Northumbrian coast, 546. 

Depression of outskirts of Lake Dis- 
trict, exxiil. 

Derwentwater, sect. fr. head of, along 
Seathwaite branch of Borrowdale, 
facing exvili. 

Devonian tectonic phenomena in Lake 
District, lxxx e¢ segg.; Dev. sandst., 
glaciated, on Carden Moor, 27-28 ; 
Dey. of Bolivia, trilobites from, 
426 et segqy., 4382; sce also Ola Red 
Sandstone. 

Dawareuz, G. J. G., obituary of, lv- 
lyi. 

Diabases of Llangynog district, 235- 
36, 237, 244-45, 246 & pl. xxvi 
(microscope-sect.), 248; in S.W. 
Caermarthenshire, 601, 643. 

Distzy, G. E., exhibits Ptychodus- 
teeth, lil, exxxiil; exhibits dental 
bone of Coniosaurus crassidens, 
exxix; exhibits quartz-erratic fr. 
Chalk, cxxxiii. 

Dibunophyliwm-Zone at Rush, 279, 
290-94 figs.; faunal lists from, 
297-99 ; correlation, 302-304; D.- 
Zone in Mendip area, 325, 335-36 ; 
list of exposures, 351-53 ; correlat. 
w. D.-Z. in Bristol area, 357-58 ; 
D.-Z. of Ebbor Rocks, 363-64. 

Dicranograptus-Beds of W. Caermar- 
thenshire, 626-33 w. lists of foss. 

fi Be confused w.D. rectus (2), 

643. 

Dictyograptus-Beds of W. Caermar- 
thenshire, 607-608. 

Didymograptus affinis (2), 481. 

— bifidus fr. Bolivia, 431, 432; D.- 
bifidus Beds of Llangynog district, 
229-30 ; do. of W. Caermarthen- 
shire, 618-19 w. lists of foss. 
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Didymograptus eatensus, zone of, in 
W. Caermarthenshire, 604. 

Murchisoni Beds of W. Caer- 
marthenshire, 619-24 w. lists of 
toss. 

.— ef. Nicholsont, fr. Bolivia, 431. 

Differential weathering determining 
lakes, 185-87, 188, 190. 

Differentiation, magmatic, originating 
Buttermere & Ennerdale grano- 
phyre & modificats. thereof, 268; 
insufficient to account for origin 
of Dunedin (N.Z.) rocks, 417, 419. 

Dimensional variation (in corals), a 
function of environment, 313. 

Dimorphograptus Swanstoni, zone of, 
in T’arannon area, 686-87. 

Diorite (?) of Esperanza Cataract, 
96-97 ; augitic, of Dunedin (N.Z.), 
394, 

Diplograptus sp., fr. Bolivia, 431, 

Diphyoids, table of strata in wh. they 
occur, 439; stratigraph. sequence 
of, 440; development of, 437 et 
segg. & pl. xli; lobation of, sug- 
gested explanation, 455. 

Dislocations, pre-Glacial, in Chalk of 
Moen, 484 e7 seqq. 

Dolerites of Eigg, 41, 42, 45 et segq.; 
of Esperanza Cataract, 96-97; of 
Buttermere & Ennerdale district, 
263, 265-66, 267-68 ; of Dunedin 
district (N.Z.), 410-11 w. chem. 
anals. 

Dolfach (Montgomery), 669. 

Dolgadfan(Montgomery), Llandovery, 
&e. rocks near, 681-85 w. map 
(p. 680) ; sect. to Talerddig across 
Newydd Fynyddog, pl. xlvii. 

Dolgadfan Group, 682-83, 684 et segq. 

Dolgau Mudstones of Tarannon k., 
655-57, 666-69, 673-74, 676, 695. 

Dolgoch (Montgomery), 665, 666. 

Dotto, L., elected For. Memb., v. 

Dolomite, originating in part fr. cal- 
eareous alge, 711; outcrops of, 
& ‘Licino lakes, 168 e¢ seqq. 

Dolwilym (Caermarthen), 643. 

Donie, formation of, in Lake District, 
Ixvili ¢¢ segq., Ixxx—xev figs. 

Doxatp, Miss Jann, see Longstaff, 
Mrs. G. B. 

Doncaster (Yorks), earthquake of 
April 28rd, 1905, 5-12 & pl. ii 
(map). 

Donors to Library, &c., lists of, xiv— 
Dobe 

Downton Bone-Bed, 209, 210. 

Downton Castle (Shropshire), sects. 
fig. & deser., 207-10; D. C. inlier, 
sects. fig. & descr., 210-14. 
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Downton-Castle Sandstones, 199, 203 
et seqq. w. sects. 

Drainage-lines in Lake district, initi- 
ation of, xcv-c fig.; modificat. 
of, along shatter-belts, cii-exxiii 
figs. 

aoe in Dunedin district (N.Z.), 

I. 

Drew, Miss Hurun, Daniel-Pidgeon 
fund awarded to, exxxii. 

Drift & Chalk in Méen, 484-90; 
drifts in W. Caermarthenshire, 
602; sce also Boulder-Clay, Glacial, 
&e. 

Dronningstolen (Méen), Drift-inclu- 
sions in Chalk of, 485. 

Daddon Valley (Lake District), phy- 
siographical history of, ex—cxiii w. 
map. 

Dulcote Hill (Somerset), Avonian of, 
351. 

Dunes in 8.W. of Cape Colony, 76 et 
segg.; see also Blown Sands. 

Dunedin (N.Z.), geology of, 381-424 
figs. w. chem. anals. & pls. xxxvi- 
KXXIX. 

Dunmail Raise (Lake District), sect. 
fr. near, to Kentmere, facing exviii ; 
shatter-belt running through D. R., 
xxix. 

Dust-clouds arising fr. eruption of 
Vesuvius, descr. & fig., 477-81. 

Dwerryuousn, A. R. [on Ennerdale 
rocks, &e.], 269-70. 

Dyffryn (Caermarthen), 632. 

Dykes of Buttermere & Ennerdale 
area, 256, 263-64; dyke-rocks of 
Dunedin district (N.Z.), 394 e¢ 
seqqg. w. chem. anals. & pls. xxxvii- 
xxxix (microscope-sects.); in W. 
Caermarthenshire, 601. 


Earth, constitution of interior of, as 
revealed by earthquakes, 456-74 
figs. 

Peacwtnonts Palzozoic, in Lake 
District & their effects, Ixxy—lxxxii; 
Permo-Carb., ibid., Ixxxiii-lxxxv ; 
earth-movementsin S. America, 91— 
92; in Chalk & Eocene tract of 
8. England, 143-44, 148; super- 
posit. of, in Ludlow district, 200 ; 
pre-Glacial Chalk of Moen dislo- 
cated by, 484 e¢ segg.; earth-move- 
ments in London Basin, 520-21 ; 
in W. Caermarthenshire, 598-99. 

Earthquake, at Doncaster on April 
23rd, 1905, 5-12 & pl. ii (map); 
earthquakes in relat. to constitutiou 
of earth’s interior, 450-74 figs, 
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Ebbor-Rocks district (Somerset), geo- 
logy of, 361-66 w. map. 

Echinocorys scutatus in phosphatic 
Chalk of Winterbourne, &e., 505- 
506, 512, 513. 

Edenside(Cumberland), section across, 
lxxxvi. 

Efate (New Hebrides), Halimeda- 
limest. of, 708-709 & pl. li, w. chem. 
anal. 

Eigg (Hebrides), geol. struct. of Sgirr 
of, 40-69 figs. & pls. iii-iv. 

Election of Auditors, vi; of Fellows, 


cil, iii, xxiv; of Foreign Members, 
v ; of Foreign Corresp., exxxi. 

Elevation, chief lines of, in 8. America, 
91-92 w. map; elev. of Neapolitan 
coast after eruption of Vesuvius, 
481, 483 ; former, in Dunedin dis- 
trict (N.Z.), 386, 424. 

Elio, Lago @ (Italy), 187-88. 

Eurs, Miss G. L., 607, 633, 641, 642, 
698; (& Miss I. L. Suarsr), on the 
Highest Silurian Rocks of the Lud- 
low District, 195-221 figs. & pl. xxii 
(map). 

Ellon district (Aberdeen), succession 
of Glacial deposits in, 22-28. 

Espen, J. V., exhibits weathered 
pebble fr. St. Bride’s Bay, iv. 

Embryos (?), graptolitic, 632. 

Ennerdale (Lake District), shatter- 
belt extending to Little Langdale 
Tarn from, Ixxix; E. & Buttermere 
granophyre, 253-74 w. maps & 
pls. xxvii-xxviii (microscope-sects.) ; 
Ordovie. age of do., Ixxy, lxxxi. 

Eocene deposits, main source of Clay- 
with-Flints, 184 et segg., 145 et 
segg., 157 et seqg. ; Eoc. of Winter- 
bourne & Boxford district, 501. 

Erosion, absolute base-level of, defined, 
80, 85. 

Erratic, quartzitic, fr. Chalk of Strood, 
CXXxili ; transport of erratics on 8. 


border of Moray Firth, 28-80; 
erratics in Moen, 487. 
Esgair-drain-Llwyn (Montgomery), 
650. 
Eskdale (Lake District), physio- 
graphical history of, cx-cxiii w. 
map. 


Eskdale Granite, Ordovic. age of, lxxv, 
Ixxxi; its age in relat. to Ennerdale 
intrusion, 269-70. 

Esker-like mounds of gravel in Aber- 
deenshire, 14-15, 21. 

Esperanza Cataract (Brazil), rocks of, 
95-98. 
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Espiritu Santo (New Hebrides), Ha- 
limeda-limest. of, 707-708 & pl. 1. 
Essexite of Bell Hill (Dunedin), 394, 

422. 

Estimates for 1906, xxxiv-xxxv. 

Eua (Tonga Is.), Halimeda-deposits 
in, 706. 

Hurypterus-Shales=Temeside Shales, 
199. 

Eutectic nature of micropegmatite, 
271, 274. 

Evans, D. C., on the Ordovician 
Rocks of Western Oaermarthen- 
shire, 597-642 figs. & pl. xlvi (map). 

Evans, Sir Joun [on formation of 
pipes in Chalk], 490. 

Evans, Joun W,, exhibits new method 
of determining the optic axial angle 
of a biaxial mineral, iv; on the 
Rocks of the Cataracts of the River 
Madeira & the Adjoining Portions 
of the Beni & Mamoré, 88-124 
figs. & pl. v (microscope-sects.) ; 
communicates Miss E. M. R. 
Wood’s paper, 431; trilobites col- 
lected in Bolivia by, 425-30 & 
pl. xl. 

Exogyra sigmoidea, first English re- 
cord of, 518. 


Fachdre R. (Montgomery), sect. deser., 
685-87; Fachdre Beds, 686-87. 
Fair-Oak colliery (Staffs), boring for 
coal at, 523-25 w. descr. vert. sect; 
Carb, Limest. at, 526 e¢ seqq. w. 

sect. 

Falcon-Crag 
Series), Ixxiv. 

Famp (=soft siliceous clay), 293. 

Farley Down (Hants), sect. to near 
Braishfield & to Ashley Wood, pl. vi. 

Fault, transverse, differential growth 
of crust-fold along, originatg. Don- 
caster earthquake, 11-12; faults in 
Ludlow district, 200-201 ; in Llan- 
gynog district, 247-48 ; in Mendip 
area, 337-38 ; in Coal-Measures nr. 
Whitley, 531 e¢ segg.; in W. Caer- 
marthenshire, 599-601 ; in Taran- 
non area, 652; see also Tectonics. 

Faynor (Caermarthen), 629, 637, 638 ; 
list of Bala-Limest. fossils from, 
634-35. 

Frarnsipss, W. G., 272; award fr. 
Lyell Fund to, 1. 

Fellows elected, i, ii, iii, v, vi, vil, 
CXXIX, CXXX, CXXXl, CXXXI, CXXKIV$ 
number of, ix, xx-xxii; names read 
out, CXXXiV, CXXXv. 

Felsite of Eigg, 48 et seqgg.; chem. 
anal, of do., 51. 
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Felsitic modifications of Ennerdale 
granophyre, 260. 

Felspars in Buttermere & Ennerdale 
granophyre, characters of, 258-59. 

Fenni Valley (Caermarthen), 601, 
603, 604, 611, 632. 

Ferruginous conglomerates of Bra- 
zilian cataracts, 92, 99, 10], 102. 

Ffridd-yr-Ystrad (Montgomery), 
674. 

Fiji Is., Halimeda-deposits in, T05— 
706. 

Financial report, xxxiy—-xl. 

Fish-Bed in Downton-Castle Sand- 
stones, 209, 211, 217. 

Fish-remains, comminution 
Phosphatic Chalk, 504, 522. 

Flagstaff (N.Z.), 384; trachydolerites 
of, 397-98, 407, 418 ; plutonic rock 
w. cossyrite, &c. of, 406; nepheline- 
basanite of, 410. 

Flamborough Head ‘ (Yorks), thrusts 
in neighbourhood of, 580. 

Furr, J. 8., elected Auditor, vi. 

Flexures in Chalk & Eocene tract of 
S. England, 148-44, 148 et segg.; 
see also Kolding, Tectonics, gc. 

Flints, Cretaceous, in Aberdeenshire, 
20,21, 24,29; in Higg agglomerate, 
&e., 59, 61. 

Flinty type of alteration of Scawfell 
Ashes, &ce., Ixxiv, Ixxxi. 

Flow producing recumbent folds, 
716-21 figs. 

Fluxion-breccias in Llangynog dis- 
trict, 240, 241-42. 

Folds, recumbent, produced as a re- 
sult of flow, 716-21 figs. 

Folding, chief lines of, in S. America, 
91-92 w. map; do. in Llangynog 
district, 246-47 w. sect.; in Lud- 
low district, 200-201 ; in W. Caer- 
marthenshire, 598-99; in Tarannon 
area, 652,688 fig. ; see also Tectonics. 

Fonsnca, J. 8. pa, [on cataract-rocks 
of Brazilian rivers], 92-93, 99, 
103-104. 

Foorp, A. H., 295. 

Foraminiferal cherts in Rush se- 
quence, 294; foram. sandst. in 
Dunedin district (N.Z.), 390, 391; 
foram. remains in Halimeda-de- 
posits, 704 e¢ seqq. 

Forchhammers Pynt (Méen), Drift- 
inclusion in Chalk of, 485. 

ee of Doneaster earthquake, 
5-6. 

Foreign Correspondents elected, cxxxi; 
list of, xxvi. 

Foreign Members elected, v; list of, 
XXY. 


of, in 
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Forest (Caermarthen), 599, 611, 615, 
640, 641 ; sect.fr. N.to 8. near, 614. 

Forest-Bed Series of Norfolk, older 
than Scottish Glacial deposits, 21. 

Forge Bridge (Shropshire), sect. across 
Teme at, 210; vert. sect. at, 212. 

Forrtry, C., 218. 

Foxhole (Caermarthen), 627, 635, 636, 
637 ; list of Bala-Limest. fuss. from, 
634-35. 

Foyaite of Dunedin district (N.Z.), 
391-93 w. chem. anals. & pl. xxxvii 
(microscope-sect. ). 

Bragment-Bed=upper limit of Silu- 
rian in Ludlow district, 198, 205, 
2138, 214, 218. 

Fragmental accumulations beneath 
Higg pitchstone, 52 e¢ segq. 

Fraserburgh (Aberdeen), dark-blue 
clay, &e. near, 37-88, 

Friendly Is., see Tonga. 

Fron-isat (Caermarthen), 633. 

Frowen (Caermarthen), 620, 621, 626, 
630. 

Froyle Down (Hants), sect. to Rye 
Farm, nr. Crondall, 154. 

Fulwell Hill (Durham), Magnesian 
Limestone from, exxxv. 

Funafuti (Ellice Group), Halimeda- 
deposits at, 704-705. 

Fynyddog Grits, 653, 678, 674. 


Gala Beds, equivalent to Tarannon 
Series of Tarannon, 646-47, 692 
et segq., 695. 

Gallt-y-beili (Caermarthen), 616. 

Galmisdale, Sgirr of Kigg seen from, 
46 fig. & pl. iii. 

Gamrie (Banff), Arctic shell-bed at, 
35, 38-39; sect. deser., 35-36. 

‘Garnet-bearing rocks presumably ab- 
sent fr. Buttermere & Ennerdale 
complex, 269. 

Garwoop, HE. J., on the Tarns of the 
Canton Ticino (Switzerland), 165- 
93 w. map & pls. vil—xxi; commu- 
nicates Mrs. Longstaft’s paper, 552. 

Geixiz, Sir ArcnipaLD, elected Pre- 
sident, xxiv; presents portrait of 
J. P. Lesley, vi; receives Lyell 
medal for F. D. Adams, xly—xlvii ; 
communicates Mrs. Gordon’s paper, 
exxxv ; [on geol. struct. of Sgtrr of 
Kigg |, 67-68. 

Gelli (Caermarthen), 230, 235. 

Gelli (Montgomery), stream-sect. fig. 
& deser., 677-81. 

Gelli-dywyll (Montgomery), streain- 
sect. fig. & deser., 676, 677. 

Gelli Shales, 660-62, 670, 677, 678- 
79, 694. 
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Gens, conditions determining inelu- 
sion of particular form in, 305, 
310. 

Geological-Survey maps presented, ii, 
iv, Vil, CXXxvi. 

Gitsrrr, C, J., 138, 161. 

Gillercombe (Lake District), hanging 
valley of, exxii with sect. 

Glacial diversion of streams in the 
Lake District, cili e¢ segg.; Glacial 
Period in Aberdeenshire & 8. border 
of Moray Firth, 13-39; see also 
Boulder-Clay, gc. 

Glaciation, effects of, in Lake Dis- 
trict, cill et segg., CXXV-Cxxvi; sce 
also Ice-Sheet. 

Glenderaterra Valley (Cumberland), 
shatter-belt extending to Great 
Langdale from, ]xxix. 

Glenkiln Beds, equivalents in W, 
Caermarthenshire, 6438. 

Glog (Caermarthen), 226 et seqq. 

Glossograptus sp. fr. Bolivia, 431. 

Glossothyridoid stage in Antinomia, 
Pygope, & Pygites, 437, 441, 445, 
449 & pl. xl; in certain Terebra- 
tuloids, 450. 

Gneiss of Esperanza Cataract, 95-96 ; 
of Lages, 98-99 & pl. v (micro- 
scope-sect.) ; of Madeira Cataract, 
100-101 ; of Pederneira & Paredaio 
Cataracts, 103-105. 

Gold in foyaite of Harbour Cone 
(N.Z.), 393. 

GoopciLp, J. G., 571. 

Goopysar, Miss E., 177. 

Gorpon, Mrs. M. M. Oeitvin, on 
Interference-Phenomena in the 
Alps (titde only), eXxxv. 

Goss, W. H., obituary of, lxv. 

Granite-porphyry of Salto do Girao, 
105-107 w. chem. anal. & pl. v 
(microscope-sect.); (?) of Caldeirao 
do Inferno, 107-108. 

Granitic margin of Buttermere lacco- 
lite, 256-57 & pl. xxvil (microscope- 
sects.). 

Granitite of neighbourhood of Santo 
Autonio Cataract, 115-18 w. chem. 
anals. 

Granopbyre of Buttermere & Enner- 
dale, 2538-74 w. maps & pls. xxvii- 
XXvVill (microscope-sects.). 

Granulites of Morrinhos & Santo 
Antonio Cataracts, 108, 118-19 w. 
chem. anal. & pl. v (microscope- 
sects.) ; genesis of do., 119-21, 

Granulitie gneiss of Lages, 98-99 & 
pl. v (microscope-sect. ). 

Graptolites fr. Bolivia, 431-32; of 
Tarannon district, distribution & 
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range of, tables i-ii, facing 692 ; see 
also Didymograptus, &c. 

Gray, J. W., 577. 

Gray, Mrs. R., 571. 

Great Langdale (Lake District), 
shatter-belt extending to Miterdale 
from, lxxxix; do. to Glenderaterra 
Valley, Ixxix;  physiographical 
history of valley, cix-cx. 

Greoory, J. W. [obituary of F. P. 
W. von Richthofen], lily. 

Greisen nr. Scale Force, 261. 

Grirritn, C., 1389, 156, 161. 

Gronw Valley (Caermarthen), 604, 
605, 610, 618. 

Grulin (Higg), felsite, w. chem. anal., 
51-52. 

Guiana, British, see British Guiana. 

Gwastaden Group, equivalent in 
Tarannon area, 695. 


Heematite-staining & lag- or tear- 
faults, Ixxviii, 257. 

Harsersrapt, B., presents map of 
Pennsylvanian coalfields, ii. 

Halimeda, occurrence & conditions of 
growth of, 702-703; accumulated 
non-recent remains of, 703-706. 

Halimeda-\imestones of the New 
Hebrides, 706-11 & pls. xlix—li. 

Halite from Vesuvius, cxxxiv. 

Hanging valleys in Lake District, exx— 
exxili figs.; in Canton Ticino, origin 
of, 180-82. 

Hangmanstone Lane (Berks), 514, 
519. ; 

Haplite of Esperanza Cataract, 96; 
of Madeira Cataract, 100; of 
Ribeirao, 102; see also Aplitic. 

Harbour Cone (N.Z.), 383; foyaite 
of, 391-92 w. chem. anal. & pl. 
XXXvili (microscope-sect.), 393. 

Harker, A., 272; on the Geological 
Structure of the Sgirr of Hige, 40- 
67 figs. & pls. iii-iv. 

Harrison, J. B. (& C. W. Anpurson), 
present geol. map of part of Brit. 
Guiana, ¢xxxvi. 

Hartfell Beds (?) equivalents in W. 
Caermarthenshire, 648. 

Hawkins, H. L., 521. 

Henllan (Caermarthen), 607, 608. 

Herdus (Ennerdale), basic modifieat. 
of granophyre at, 265-66. 

Hernrins, R. 8. [obituary of F. W. 
Hutton], Ixii-lxiii. 

Hicxuine, G., on Footprints from 
the Permian of Mansfield (Notting- 
hamshire), 125-31 figs. 

Hicks, H., 642. 

High Cliff (N.Z.), basalt of, 411. 
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High Stile (Buttermere), 253; igneous 
complex on flanks of, 261-65 w. 
map. 

Hiut, Rev. E., on the Chalk & Drift 
of Moen, 484-88. 

Hitt, W. [on insoluble residues fr. 
Chalk], 139, 141, 161. 

Hill-outlines, effect of meteorological 
conditions on, cxXiy. 

Hinp, W., 295, 326, 526; (& J. T. 
Srosss), on the Carboniferous 
Succession below the Coal-Measures 
in North Shropshire, Denbighshire, 
& Flintshire (¢it/e only), cxxxi. 

Hinpzr, G. J., 295; [on cherts fr. 
Esperanza Cataract], 97; [on cherts 
fr. Rush sequence], 294. 

Holaster-subglobosus Chalk, Piychodus- 
teeth from, iii, cxxxiii; Coniosawrus 
crassidens from, ¢Xxix. 

Holborough (Kent), Ptychodus-teeth 
from, ili. 

Houmns, F., 125. 

Homeomorphy, brachiopodan, 435— 
55 & pl. xh. 

Honister Pass (Lake District), 
drainage-modifications at, evil. 

Hooper’s Inlet (N.Z.), 382, 386, 389 ; 
tinguaites of, 394, 396 w. chem. 
anal. & pl. xxxvili (microscope- 
sect.) ; trachyte of, 399; Mount- 
Charles Dolerite, &c. of, 411; Port- 
Chalmers Breccia W. & 8. of, 413. 

Horxuws, W., & his work in the Lake 
District, xviii e¢ seq. 

Hoplites Boissiert found in Dorset, 
439. 

Hornblende replaced by sgirine in 
Dunedin rocks, 392-93 ; penetrated 
by apatite, 891 & pl. xxxviii. 

Hornblende-andesite of Llangynog 
district, 285, 243-44, 248; of 
Dunedin district (N.Z.), 408-409 
w. chem. anals. 

Hornblende - foyaite of Dunedin 
district (N.Z.), 391-93 w. chem. 
anals. & pl. xxxvii (microscope- 
sect.). 

Horvyg, J., 33. 

Howgill Fells, sect. to Kirkstone Fell, 
Ixix; sect. through Tebay to Shap 
Summit, xeviil. 

Hueuns, T. McK., 571; portrait pre- 
sented, vi; communicates paper by 
Miss Hlles & Miss Slater, 195. 

Huin, E., on the Physical History of 
the Great Pleistocene Lake of 
Portugal (¢itle only), iii. 

Humansdorp (Cape Colony), Uplands 
plateau near, 72 fig. 

Hurcuinson, Rev. H. N., exhibits. 
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water-colour drawings of micro- 
scope-sections, v. 
Horron, F. W., obituary of, lxii-Ixiii. 
Ae ede in lake-deposits, 
(2 
Hyliedals Klint (Mien), Drift-filled 
notches on cliff-face, 485-86. 
Hypabyssal rocks, in Lake District, 
272, 2738-74 ; hyp. trachydolerite in 
Dunedin district (N.Z.), 897-98. 
Hyskeir, see Oigh-sgeir. 


Taen R. (Montgomery), 650, 651 ; 
sect. to Llanbrynmair descr. & fig., 
664-71 & pl. xlviii. 

Ice-sheet, the last, in the Aberdeen- 
shire area, 25-27; do. on S. border 
of Moray Firth, 80-32; ice-sheet, 
supposed former, in English low- 
lands, 491 e¢ seqq.; see also Erratics, 
Boulder-Clay, ge. 

Iceland, Crag of (an intercalat. in 
the basalt-formation), 712-15. 

Ichnium acrodactylum, footprints 
comparable with, fr. Permian of 
Mansfield, 125-31 figs. 

Igneous (& associated sedimentary) 
rocks of Llangynog, 223-52 figs. & 
pls. xxili-xxvi; igneous rocks of 
Dunedin district (N.Z.), 3891-424 
w. chem. anals. & pls, XxxVi-Xxxix ; 
do. in W. Caermarthenshire, 601, 
643; see also Andesite, Basalt, gc. 

Ilgill Head (Wastwater), 256. 

Imperforate stage in <Antimomica, 
Pygope, & Terebratula, 438-39, 444, 
448, 450 & pl. xii. 

International Catalogue of Sci. Lit., x. 

Intra-formational conglomerates, 285. 

Invernettie (Aberdeen), red clay, &c. 
at, 18, 19. 

Iremonger’s Cottages, nr. Boxford 
(Berks), Chalk-exposures near, 512- 
14, 515-16. 

Iron-staining & lag- or tear-faults, 
lxxvil. 

Ironstone -gravel forming beneath 
sour soil of Uplands plateau (Cape 
Colony), 71 fig. 

Isoseismals of Doncaster earthquake, 
6-7 & pl. ii (map). 

Isser, A., congratulatory letter to, 
CXKXV. 


Jamseson, T. F., on the Glacial Period 
in Aberdeenshire & the Southern 
Border of the Moray Firth, 13-89. 

Jounson, H., exhibits R. E. Raspe’s 
‘Nat. Hist. of the Earth, exxix. 

Jounston-Lavis, H. J., exhibits 
lantern-slide views of eruption of 
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Vesuvius, cxxxiv; also crystals of 
halite, exxxiv. 

Jupp, J. W., presents portrait of 
himself, vi. 

Jukes-Brownn, A. J., on the Clay- 
with-Flints: its Origin & Distribu- 
tion, 132-62 fig: & pl. vi (secis.). 

Jurassic (Lr.) age of Mount-TLorlesse 
Shales, iv; Jurass. ice-transported 
débris on S. border of Moray Firth, 
28-29; Jurass. fragments in Hige 
agglomerate & breccia, 54 ef seqq; 
see also Lias, Oxfordian, ge. 


Kaikorai R. & Valley (N.Z.), 384 ef 
seqg., 390; kaiwekite from, 423 
pl. xxxix (microscope-sect.) ; basalt- 
flow of, 412. 

Kainozoic, see Tertiary. 

Kaiwekite of Dunedin district (N.Z.), 
400-401 & pl. xxxix (microscope- 
sect.). 

Kate-Rocks Limestones, 279, 289-90 
fig., 297, 303. 

Keith (Elgin), Glacial red clay at, 31. 

Kentani plateau (Cape Colony), 83, 84. 

Kentmere (Lake District), sect. to 
Dunmail Raise, facing cxviii. 

Kinston, R., 288, 295. 

Kidwellian, use of term, 325, 379; of 
Mendip area, 333-36, 347-53; dis- 
tinctness of fauna fr. that of Cleve- 
donian ibtd., 359-60. 

King Edward (Banff), Arctic sheils in 
silt at, 83; Boulder-Clay at, 36. 

Kiyescors, E., 167. 

Kirkstone Fell, sect. to Howgill Fell, 
ixix, 

Kiromy, F. U., 571; Wollaston fund 
awarded to, xlviii—xlix. 

Kniveton (Derby), 503, 804. 

Knoll-structure in Carb.-Limest., 283, 
322, 328) 

Knysna (Cape Colony), sand-dunes, 
&e. of, 75, 76 et segg.; former 
plateau of, 81. 


Laccolitic nature of Buttermere & 
Ennerdale granophyre, 256. 

Lag-faults defined, lxxvi. 

Lages (Rio Mamoré), granulitic gneiss 
of, 98-99 & pl. v (microscope-sect. ). 

Laxg, P., on Trilobites from Bolivia, 
collected by Dr. J. W. Evans in 
1901-1902, 425-30 & pl. xl. 

Lake District, influence of geol. struct. 
on its present features, lxvi-exxvii 
figs. 

eels (Caermarthen), porphyry 
at, 237-38 ; detailed petrography of 
do., 245-46 ; Didymograptus-hifidus 
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Beds at, 229-80; Tetragraptus-Beds 
near, 227. 

Lampuiuen, G. W., 275. 

Lane End (Bucks), quartzose gravel 
from, CXXxv. 

Lane, W.:D., 521. 

Larwortu, C., 699; communicates 
Mrs. Shakespear’s paper, 644. 

Lavwortn, H., 699; Murchison fund 
awarded to, xlix; [on correlat. of 
‘Tarannon Series w. Rhayader rocks], 
699-700. 

Laterite, so-called, in Cape Colony, 
73, 78. 

Lateritization, effects of, 91, 95, 113. 

Lavas, succession of, in Dunedin dis- 
trict (N.Z.), 416 et segg. w. ‘sects. ; 
see also Basalt, Andesite, ge. 

Leacn, A. L., 317, 330. 

Leaf-beds, post-Oligocene, in Dunedin 
district (N.Z.), 390. 

Lebanon district (Palestine), glacia- 
tion of, y. 

Lezour, G. A. (& J. A. Suyrnn), on a 
Oase of Unconformity & Thrust in 
the Coal-Measures of Northumber- 
land, 530-50 figs. & pl. xlii (sect.) 

Leith Valley (N.Z.), 384 e¢ seqq.; 
trachydolerite of, 407 w. chem. 
anal. ; sect.along, 417; andesite of, 
408-409 w. chem. anals. ; basalt in, 
412. 

Leptena cf. distorta, 310. 

Leptograptus-Beds in 8. Wales, first 
discoy. at Mydrim, 641. 

Lusty, J. P., portrait presented, vi. 

Leucitophyre of Dunedin district 
(N.Z.), 405-406 w. chem. anals. 

Leucotephritic character of Vesuvian 
ejectamenta, 481. 

Lias (Lr.), Myriacanthus paradoxcus 
from, 1-4 & pl. i. 

Liassic spp. of Terebratula, 438-39, 
454 & pl. xli; Terebratuloids & 
Ammonites, developmental stages 
among, 450-51; Dentaliide, 573- 
96 figs. & pl. xlv. 

Library, progress of card-catalogue, 
x, xill; list of donors to, xiv—xix. 
Library & Museum Committee, report 

of, xi—xiv. 

Limestones, solution of, determining 
Trish lakes and gulfs, 293; see also 
Rauchwacké. 

Limestone-knolls, 283, 322, 323. 

Lingmell Beck (Lake District) & 
drainage-modifications, cvii. 

Lingula cornea, zone of, 198, 204, 211 
et seqg. 

—— minina, zone of, 198, 204, 210 
et seg. 
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Linksfield (Elgin), glaciated Cornstone 
at, 28; Oolitic erratic at, 28. 

Lithostrotion cyathophylloides, sp.nov., 
319-20 & pl. xxx. 

Martini, horizon of, defining 
base of Seminwla-Zone, 359. 

Little Langdale Tarn (Lake District), 
shatter-belt extending to near Hn- 
nerdale from, Ixxix. 

Llanboidy (Caermarthen), 601, 626, 
630, 648; sect. fr. N. to 8. near, 
622. 

Llanbrynmair (Montgomery), 649, 
650, 677; sect. to Afon Iaen & 
Talerddig, descr. & fig., 664-71 & 
pl. xlviii. 

Llanddowror (Caermarthen), 627,629, 
636, 639; sects. E. & W. of, 628; 
list of Bala-Limest. foss. from, 654- 
35. 

Llandeilo rocks of Ayrshire, Lopho- 
spira from, 559 et segg.; Lian- 
deilo rocks of W. Caermarthenshire, 
626-83. 

Llandeilo-aber-Cowyn (Caermarthen), 
627, 683; list of Bala-Limest. foss. 
from, 634-35. 

Llandovery (Lr.) of Ayrshire, Lopho- 
epira from, 562; Turritoma fr. do., 
571; Lr. Llandovery (?) of W. 
Caermarthenshire, 640-41 ; Lland. 
Series in Tarannon area, 675, 681- 
89, 691-92. 

Llanfallteg (Caermarthen), 610, 616. 

Liangan (Caermarthen), 608, 609. 

Llanglydwen (Caermarthen), 601, 618, 
623, 633. 

Llangynog (Caermarthen), igneous & 
associated sedimentary rocks of, 
223-52 figs. & pls. xxill-xxvi. 

Lianvirn rocks of W. Caermarthen- 
shire, 613-24 figs. 

Llawr-y-coed (Montgomery), 668 ; 
sect. in ry.-cutting N. of, descr. & 
fig., 671-73. 

Lledewin (Montgomery), Dolgau Beds, 
&e. E. of, 674. 

Liwyncelyn (Caermarthen), 232, 233, 
2305. 

Liwynerwn (Caermarthen), 611. 

Liwyngwydd (Caermarthen), 604, 
606. 


Logan’s Point (N.Z.), trachytoid 
phonolite of, 401, 402 w. chem. 


anal.; Papanui Dolerite opposite, 
411. 

Login (Caermarthen), 603, 610, 
618. 


Long Beach (N.Z.), kaiwekite of, 
400-401 & pl. xxxix (microscope- 
sect.). 


Violn.62; | 


Long Kloof Mountains (Cape Colony), 
SL. ; 

Longhaven Hill (Aberdeen), 20, 21. 

Loxestarr, Mrs. G. B., Notes on the 
Genera Omospira, Lophospira, and 
Turritoma, with Descriptions of 
New Proterozoic Species, 552-72 
figs. & pls. xliii-xliv. 

Lonsdalia-subzone in Mendip area, 
336. 

Lophospira, diagnosis, &e. of, 554-57. 

—— angulocincta, 562. 

bellicarinata, sp. Nov., 565 fig. & 

pl. xliv. 

bicincta, 563-64 & pl. xliv; var. 

scotica nov., 564 fig. & pl. xliv. 

borealis, 559. 

—— cyclonema, 565-67 & pl. xliv. 

excavala, sp. nov., dd8-59 fig. & 

pl. xhii. 

Jerruginea, sp. nov., 562-63 & 

pl. xliv. 

gyrogonia, 557-58 & pl. xiii. 

instabilis, sp. nov., 560-61 & 
pl. xhii. 

—— puichra, 567-68 & pl. xliv. 


-— Sedgwickii, sp. nov., 562 & 

pl. xlin. 
subglobosa, sp. nov., 569 fig. & 

pl. xliv. 
trispiralis, sp. nov., 559-60 & 

pl. xlin. 


variabilis, 559. 

Lorenzo, G. pz, on the Eruption of 
Vesuvius in April 1906, 476-83 w. 
map & figs. 

Lougbshinny (Co. Dublin), 293, 294. 

Low Main Seam, Mussel-Band above, 
& its outerop nr. Whitley, 531 ¢ 
seqg. 

Lower Farm, nr. Winterbourne 
(Berks), phosphatic Chalk, &c. near, 
508-509. 

Lucendro; Lake (Ticino), 185 & 
pls. xlv-xv, xxi. 

Lucomagno, Lake (Ticino), 178. 

Ludford Lane (Shropshire), sect. fig. 
& descr., 205. 

Ludlow Bone-Bed, 203, 208 e seggq., 
218. 

Ludlow District (Shropshire), highest 
Silurian of, 195-222 figs. w. lists of 
foss. & pl. xxii (map). 

Ludlow Group (Upper), 197-99, 202 
et seqq. 

Lypexker, R. [obituaries of W. T. 
Blanford & H. B. Medlicott], lvi— 
\xi. 

Lyniy medallists, list of, xxxi; geo- 
logical fund, list of awards from, 
XXXil, 
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Lyme Regis (Dorset). Myriacanthus 
paradoaus from, 1-4 & pl. i. 

McNuemt, B., elected Auditor, vi. 

Madeira, Rio (Brazil), rocks of 
cataracts of, 88-124 figs. & pl. v 
(microscope-sects.). 

Maesbury (Somerset), Avonian  se- 
quence at, 338 et segq. 

Magievand (Moen), Dritt-filled notches 
in cliff N. of, 486. 

Magmatie differentiation originating 
Buttermere & Ennerdale grano- 
phyre & modificats. thereof, 268 ; 
insufficient to account for orig. of 
Dunedin (N.Z.) rocks, 417, 419. 

Magnesian Limestone fr. Fulwell 
Hill, exxxv. 

Malahide (Co. Dublin), Carboniferous 
outerop at, 275. 

Malekula (New Hebrides), Halimeda- 
limest. of, 707 & pl. xlix w. chem. 
anals. 

Mamoré, Rio (Brazil), rocks of cata- 
racts of, 88-124 figs. & pl. v (micro- 
scope-sects.). 

Mango (Fiji), Halimeda-limest. of, 
700. 

Manszren, J., obituary of, lxiv. 

Mansfield (Notts), amphibian (?) foot- 
prints fr. Permian of, 125-31 
figs. 

Manuscript names in paleontology, 
suggested mode of quotation, 449. 

Maor: Hill (N.Z.), 885, 403. 

Map of Lake District & neighbour- 
hood, xci; of upper Juddon 
Valley & part of Eskdale, cx; of 
Borrowdale, exiv; illustrating area 
affected by Doncaster earthquake 
of April 23rd, 1905, pl.ii; geol., of 
S.W. part of I. of Engg, 44; of 
N. part of 8. America, showing 
approximate directions of chief 
lines of elevation, 90; of the 
cataracts of the Rio Madeira, &c., 
94; of St. Gotthard lakes, 186; of 
Piora lakes, pl. vii; of Lago Ritom, 
pl. xvi; of Lago Tom, pl. xvii; of 
Lago Cadagno, pl. xvin; of Lago 
Scuro, pl. xix; of Lago Taneda, 
pl, xx; of Lago di Lucendro, 
pl. xxi; geol., of neighbourhood of 
Onibury, 215; geol., of neighbour- 
hood of Ludlow, pl. xxii; geol., of 
country around Capel Bethesda, 
236; geol., of Llangynog district, 
pl. xxiii; geol., of district around 
Ennerdale Water, Buttermere, & 
Wastwater, 254; of the igneous 
complex of Burtness Combe, 262; 
of Carboniferous rocks exposed at 
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Rush, 280; of faulted Rush Con- 
glomerates at Rush Harbour, 287 ; 
geol., of neighbourhood of Ebbor 
Rocks, 361; shewing outcrop of 
Carb. Limest. in Mendip area, 
pl. xxxiii; geol., of Dunedin dis- 
trict (N.Z.), pl. xxxvi; illustrating 
general results of eruption of 
Vesuvius in April 1906, 478; geol., 
of country betw. Boxford & Winter- 
bourne, 500; of a portion of 
Cannock-Chase coalfield, 524; of 
shore in neighbourhood of Whitley 
Sands, 5382; showing outcrop of 
Mussel-Band in Whitley Bay, 540 ; 
of the Ordovician rocks of W. Caer- 
marthenshire, pl. xlvi; geol., of the 
Tarannon country, pl. xlvii. 

Maps presented, ii, ili, iv, vli, cxxx, 
CXXX11, CXXXV1. 

Marine fossils absent in Red Clay of 
Aberdeenshire, 24; marine fossilif. 
rocks in Rio-Beni region, 97, 98. 

Marr, J. E., 218, 253, 272; retires 
fr. Presidency, xxii; [addresses to 
medallists & recipients of awards], 
xli ef segqg.; [obituaries of deceased 
Fellows, &e.|, lii e¢ segg.; on the 
Influence of the Geological Struc- 
ture of English Lakeland upon its 
present Features —a Study in 
Physiography, lxvi-cxxvii figs. 

Marsnaty, P., on the Geology of 
Dunedin (New Zealand), 381-423 
figs. & pls. xxxvi-xxxix. 

Marsupites-Chalk, insoluble residues 
from, 140, 142-43; M.-Chalk in 
Winterbourne & Boxford district, 
505, 507 et seqq. 

Martinia glabra, 311-12. 

Mar ny, C. A., on the Carboniferous 
Rocks at Rush (County Dublin), 
275-95 figs. 

Mawson, D. (& F. Crapman), on the 
Importance of Halimeda as a Reef- 
forming Organism ; with a Descrip- 
tion of the Halimeda-Limestones 
of the New Hebrides, 702-10 & 
pls. xlix-li. 

Mecklin Wood (Wastwater), basic 
modificats. of granophyre in neigh- 
bourhood of, 257, 267-68. 

Medals & funds, award of, xli-li. 

Mepuicotr, H. B., obituary of, Ix- 
lxi. 

Melilite-basanite of Dunedin district 
(N.Z.), 413. 

Melin-ricket (Caermarthen), 617, 620, 
625, 630. 

Melrose Head (Aberdeen), sect. de- 
scribed, 37. 
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Mendip area(Somerset), Carb. Limest. 
of, 824-80 figs. & pls. xxxi-xxxv. 

Mewzigs, T.., 406. 

Metamorphic rocks of Dunedin dis- 
trict (N.Z.), 388-89. 

Meteorological conditions, effects of, 
on present features of Lake District, 
CXX1V—CXXVi. 

Mexico, vulcanicity in, exxxili-cxxxiv. 

Mica-schist of Dunedin district 
(N.Z.), 888-89. 

Michelénia- cf. megastoma-Beds at 
Rush, 279, 284-88 figs.; faunal 
lists from, 296-97 ; analysis of do., 
300-301. 

Micraster cor-anguinum & M. cor- 
testudinariwm, insoluble residues fr. 
Chalk of zones of, 139, 140, 141 ef 
seqq:; M. cor-anguinum zone in 
Winterbourne & Boxford district, 
509 et seqq. 

Micropegmatite, structure of, in But- 
termere & Ennerdale granophyre, 
270-71. 

Mippuiemiss, C. §., 59. 

Mihiwaka (N.Z.), 384; 
basanite of, 410. 

Mituineton, J. P., 272. 

Millstone Grit, &c. of neighbourhood 
of Ebbor Rocks, 862-63; in Can- 
nock-Chase area, 527. 

Mitng, J., 25, 29, 34. 

Mineral, biaxial, method of deter- 
mining optic axial angle of, iv. 

Misericordia Cataract (Rio Madeira), 
gneiss of, 101. 

Miterdale (Cumberland), shatter-belt 
extending fr. Great Langdale to, 
Ixxix; drainage-modifications in, 
cyi. 

‘ Mixture-rocks’ of Burtness Combe, 
263; of Bowness Knott, 266; of 
Dunedin district (N.Z,), 421, 422. 

Mosrrty, H., 167. 

Mocktree (Shropshire), Upper Silu- 
rian at, 214. 

Mocktree Shales, 197, 198, 202 e¢ 
seg. 

Modiola-phase of Cleistopora-Zone in 
Mendip area, 326-27, 353-54. 

Moehau, see Mount Charles. 

Moelden (Caermarthen), 627, 636, 
638 ; list of Bala-Limest. foss. from, 
634-35. 

Moelfre (Caermarthen), 228, 231. 

Moen (Denmark), Chalk & Drift in, 
484-90, 

Monckton, H. W., elected Treasurer, 
ili, xxiv. : 

Monograptus convolutus, zone of, in 
Tarannon area, 682, 683-84 ct segq. 


nepheline- 
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Monograptus erenulatus, zone of, in 
Tarannon area, 655-57, 666-69, 
673-74, 676, 695. 

crispus, zone of, in Tarannon 

area, 660-62, 670, 677, 678-79, 

694. 

cyphus, zone of, not recognized 

in Tarannon area, 695. 

jimbriatus, zone of, in Tarannon 

area, 685-86, 687. 

griestonensis, zone of, in Taran- 

non area, 657-60, 665-66, 669-70, 

674 et segg., 694-95. 

leintwardinensis, zonal signifi- 

cance of, 197, 221-22. 

Sedgwickii, zone of, in Taran- 
non area, 681-682, 683 ¢¢ segqy., 
689. 

-—— turriculatus, zone of, in Taran- 
non area, 662-63, 677, 679-81, 
684-85, 687 et segg., 694. 

Mopanui (N.Z.), 384; phonolites of, 
404-405 w. chem. anal. 

Moraines, ancient, of Dee Valley 
(Aberdeen), 25. 

Moray Firth (Scotland), Glacial 
Period on S. border of, 27-89. 

Moreseat (Aberdeen), Greensand dé- 
bris at, 29, 34. 

Morfa-bach (Caermarthen), 602, 627, 
637. 

Mormond Hill (Aberdeen), absence 
of flints on, 24, 30. 

Morrinhos Cataract (Rio Madeira), 
granulite of, 108. 

Mount Charles (N.Z.), 883; Mount- 
Charles dolerite, 410-11 w. chem. 
anal, 

‘Mount-Torlesse annelid,’ iv. 

Morcnurson medallists, list of, xxix; 
geological fund, list of awards 
TRONS cK 

Murdoch Head (Aberdeen), striated 
rocks at, 19-20. 

Murinascio, Lake (Ticino), 173. 

Morray, C., 295. 

Museum, annual report on, xiv. 

Mussel-Band above Low Main Seam, 
& its outerop nr. Whitley, 531 ¢¢ 
seg. 

Mussel Bay (N. Z.), teschenite-dyke 
in Port-Chalmers Breccia at, 
399. 

Mydrim (Caermarthen), 
625, 629, 631, 641. 

Mylet (Caermarthen), 602, 627. 

Myriacanthus paradoxus, 1-4 & pl. i. 


617, 620, 


Names of Fellows read out, cxxxiv, 
CXXXKY, 
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Nant-clomendy (Caermarthen), 604, 
606 


Nant-yr-allwyn (Caermarthen), 611. 

Nant-yr-eglwys (Caermarthen), 601, 
621, 623, 630, 632; sect. fr. N. to 
S. near, 622. 

Nant-ysgollon Shales, 653-55, 669, 
673, 674 et seqg., 695. 

‘Natural Arch’ (Dolgoch), 666. 

Nemagraptus gracilis, 642. 

Nepheline-basanites of Dunedin dis- 
trict (N.Z.), 409-410 w. chem. 
anals. ; nepheline-syenite inclusions 
in Port-Chalmers Breccia, 892-93 
w. chem, anal. 

Nephelinitoid phonolites of Dunedin 
district (N.Z.), 404-405 w. chem. 
anals, 

New Hebrides, Halimeda-limestones 
of, 706-11 & pls. xlix-li. 

New Machar (Aberdeen), ice-deformed 
rocks at, 21. 

Newsell’s Park (Herts), relats. of 
Chalk & Boulder-Clay in pit S.W. 
of, 491, 494-97 fig. 

Newton, H. T., 528. 

Newton, R. B., 521, 571. 

Newydd Fynyddog (Montgomery), 
650, 675; sect. fr. Dolgadfan to 
Talerddig across, pl. xlviii. 

Niue (yi), Wadimeda-limest. of, 705— 
706. 

Nodular limestones in Rush sequence, 
281, 282, 283-84, 323. 

Nomenclature, MS., suggested mode 
of quotation, 449. 

Normanby (N.Z.), nephelinitoid pho- 
nolite of, 404, 405. 

North-East Valley (N.Z.), 385, 386. 

North-Hill pericline (Mendip) & 
Avonian exposures, 337, 340, 342, 
346, 349, 352. 

North Otago Head 
descr. & fig., 417-18. 

Northumberland, unconformity & 
thrust in Coal-Measures of, 530-51 
figs. & pl. xlii (sect.). 

Norton (Shropshire), Upper Silur. 
in neighbourhood of, 215-18 w. 
sect. 

Notation, suggested paleontological, 
305. 

Number of Fellows, &c., ix, xx—xxii. 


(N.Z.), sect. 


Oamaru Series in Dunedin district 
(N.Z.), 390. 

Obituaries of deceased Fellows, &c., 
lii-lxy. 

Observation Point (N.Z.), 
Chalmers Breccia at, 418. 


Port- 
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Octoplicata-subzone in Mendip area, 
327-28. 

Officers, election of, ii, xxiv. 

Ogygia-marginata beds in W. Caer- 
marthenshire, 607, 608. 

Ogygia sp. (Ordovician), 426, 423 & 
ol. xl. 

Olpteseair (Hebrides), pitchstone iden- 
tical w. that of Seurr of EHigg, 
48. 

Old Red Sandstone of Lake District, 
Ixxxii; O, R. 8S. earth-movements, 
ibid., \xxv et segg.; O. R. S. denu- 
dation, ibid., Ixxxi-lxxxii; O. R. 8. 
of Ludlow district, 197 e¢ seqq., 
209 et seqg.; N. & 8. types of, 221 ; 
O. R. 8. of Llangynog district, 226, 
230-32, 247-48. 

Oupuam, R. D., on the Constitution 
of the Interior of the Earth, as 
revealed by Harthquakes, 456-73 
figs. 

Oligsene calcareous sandst. in Dun- 
edin district (N.Z.), 889-90. 

Omihi (N.Z.), trachytes of, 399, 400. 

Omospira, generic characters of, 552- 

—— orientalis, sp. noy., 508-54 & 
pl. xliii. 

Onibury (Shropshire), Upper Silurian 
in neighbourhood of, 214-18 w. 
map & sects. 

Oolitic plant-bearing sandstones of 
Higg, 62, 63. 

Ophitic diabase of Tre-hyrn, 244 & 
pl. xxvi (microscope-sect.) ; of 
Llanboidy, &c., 601, 643. 

Optic axial angle, of biaxial mineral, 
method of determination, iy. 

Ordovician of Llangynog district, 
226-30; Ordovie. trilobites & grap- 
tolites fr. Bolivia, 426 e¢ seqq., 481— 
32 & pl. xl; Ordovic. rocks of W. 
Caermarthenshire, 597-643 figs. & 
pl. xlvi (map); sce also Arenig, 
ie 


Orsino & Orsirora Lakes (Switzer- 
land), origin of, 185-87. 

Orthis Carausti in W. Caermarthen- 
shire, 605 e¢ segq. 

Orthis-grits & Orthis-mudstones (Are- 
nig), in W. Caermarthenshire, 605- 
608. 

Orthite. see Allanite, 

Orthothetes (Derbya) 
(2) anomala, 309-10. 

Oscillatory motion of European and 
ae continents contrasted, 85— 
86. 

Otago Heads (N.Z.), 384, 403, 410, 
412; sect. at N.O. Head descr. & 


senilis, var. 
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fig., 417-18; Otago Peninsula, see 
Dunedin. 

Ortny, J., & his work in the Lake 
District, lxviil. 

Ottajano (Italy), 477, 481. 

Overlap of Clay-with-Flints on to 
Eocene tracts, 147-48. 

Overthrust at base of Skiddaw Slates, 
lxxvi, Xciv. 

Oxfordian ammonites, developmental 
stages of, 450-51. 


Paleontological notation, suggested, 
305; pal. MS. names, suggested 
mode of quotation, 449. 

Paleozoic movements in Lake District, 
& their effects, lxxv-lxxxii; Paleo- 
zoie cherts of Rio Beni, 97; see also 
Arenig, Carboniferous, &e. 

Pale Wood, Great Pale, Old Pale 
(Caermarthen), 640, 641. 

Pandy - bach (Montgomery), 665, 
667. 

Papanui Inlet (N.Z.), 382, 386; tin- 
guaite of, 896; Papanui Dolerite, 
410-1] w. chem. anals., 422. 

Parcau (Caermarthen), 637, 638. 

Paredio Cataract (Rio Madeira), 
gneiss & black-filmed rocks of, 1U5— 
105. 

Paris, E. T., 577. 

Park-Hill Series correlated with 
Cyathaxonia-Beds of Rush, 303. 
Parsons, H. F., exhibits Carb.-Limest. 

fossils fr. Mendip Hills, vi. 

Passage-Beds, see Syringothyris-Zone. 

Pracu, B. N., 48, 53, 58, 61. 

Pederneira Cataract (Rio Madeira), 
gneiss of, 103. 

Peldon (a verv hard, flinty stone), 525. 

Peltura sp. (Upper Cambrian), 425, 
426-27 & pl. xl. 

Pencilpost (Caermarthen), 606. 

Pendine Conglomerate, correlat. w. 
Rush Conglomerate, 285, 2&8. 

Pen-gelli-uchaf (Caermarthen), dia- 
base N. of, 237,245; Old Red Sand- 
stone at, 23]. 

Pen-Hill pericline (Mendip), & Avon- 
jan exposures, 337, 340, 345, 547, 
849-50, 352. 

Pen-y-Graig (Montgomery), 669. 

Pen-y-Moelfre (Caermarthen), 226, 
227, 228. 

Penlan (Caermarthen), 601, 621, 630, 
631, 687. 

Pennant (Montgomery), Llandovery, 
&e. rocks near, 685-87 w. map. 

‘Pennant Metalliferous Slates, 648, 
650. 
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Pennine Fault, Permo-Triassic move- 
ments along, Ixxxiv; post-Triassic 
do., lxxxyv. 

Pennine Range, sect. to hills near 
Cockermouth from, Ixxxvi. 

Pennsylvania (U.S.A.), map of coal- 
fields presented, ii. 

Penparc-uchaf (Caermarthen), 609. 

Pensarn (Caermarthen), 618, 621, 626, 
630. 

Pentamerus, see Conchidium, 

Pentre - Howel (Caermarthen), 629, 
638. 

Pentre-Newydd (Caermarthen), dia- 
base of, 235-386, 244-45 ; Didijino- 
graptus-bifidus Beds of, 280; Old 
Red Sandstone at, 231. 

Perangulata-section of Lophospira de- 
fined, 585-56. 

Perforate stage in Antinomia, Pygope, 
& Pygites, 487, 442-44, 445-48 & 
pl. xli; in Terebratuloids, 450. 

Periclines en échelon in Chalk & 
Kocene tract, 144; periclines in 
Mendip area, 327. 

Perim I., photographs illustrating 
geology of, cxxxvi. 

Perlitic structure in rhyolitic breccia, 
242 & pl. xxiv. 

Permian of Mansfield, amphibian (?) 
footprints from, 125-31 figs. 

Permo-Triassic deposits, &c. of Lake 
District, lxxxiii-lxxxv. 

Perthite-structure in felspar of Butter- 
mere & Ennerdale granophyre, 
258. 

Peterhead (Aberdeen), Boulder-Clay, 
&e., near, 18-19. 

Phacops cf. arbuteus, 426, 428-29 & 
pl. xl. 


Phases of seismic wave-motion, 456- 


58, 460 ef segq. 

Pumar, Sir Jouy, obituary of, lxiv. 

Phonolites, nephelinitoid, of Dunedin 
district (N.Z.), 404-405 w. chem. 
anals. ; trachytoid, i¢d., 401-404 w. 
chem. anals. 

Phosphatic Chalks of Winterbourne 
& Boxford, 499-522 figs. w. lists of 
fossils. 

Phyllograptus sp., fr. 
432. 

Physiography & topography of Dun- 
edin district (N.Z.), 881-91; physio- 
graphical history of Lake District, 
Ixvi-cxxvii figs. 

Pincron fund, see Daniei-Pipanon 
fund. 

Pilotaxitic andesite, 240 & pl. xxv. 

‘Pine’ or column of dust, &e. shot up 
fr. Vesuvius, 477, 479. 


Bolivia, 431, 
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Pine Hill (N.Z.), trachydolerites of, 
398, 407, 418. 

Pinites eiggensis, 55 et seqg., 62. 

Pinner’s Cross (Herts), relats. of 
Chalk & Boulder Clay in pit at, 
491, 493-94 fig. 

Piora (Ticino) lakes, 168-82 & pls. vii, 
ix-xili, xvi-xx, 

Pitch-glaciers, experiments with, 716- 
19 figs. 

Pitchstone-complex of Higg, 43-52 
figs. & pls. ui-iv; chem. anal. of 
pitchstone zhid., 51, 52, 64. 

Psnrvursson, H., on the Crag of Ice- 
land—an Intercalation in the Ba- 
salt-Formation, 712-14. 

Plaidy (Aberdeen), ice - transported 
Oxford (?) Clay at, 28-29. 

Plant-remaius in ‘supra-Conglomerate 
Limestones’ of Rush, 288; in post- 
Oligocene shales of Dunedin district 
(N.Z.), 390. 

Plas-bach (Montgomery), 668 ; stream- 
sect. deser., 673-74. 
Plateaux, coastal, of 
Colony, 70-87 figs. 
Platyschisma-helicites Bed, 198, 204, 

209 ef seqq. 

Pleistocene (early) & late Plioe. age 
of Clay-with-Flints, 161; Pleistoc. 
& pre-Pleistoc. basalts of Iceland, 
715-14. 

Pliensbachian ammonites, develop- 
mental stages of, 450-51; Pl. deu- 
taliide, 574 et segq, 

Pliocene age (in part) of Clay-with- 
Flints, 161; Plioc. age of oldest 
New Hebridean Aalimeda-Lime- 
stones, 710; Plioc. rocks of Iceland, 
712 et seqq. 

Point-Lane (Co, Dublin) Conglo- 
merate, 288. 

Poruarp, W. [chem. anal. of Eige 
rocks], 51, 52. 

Pontbren-dibyn River (Montgomery), 
681. 

Pont-y-fenni (Caermarthen), 611-12. 

Porphyry of Lambstone, 287-28, 245— 
46. 

Port Chalmers (N.Z.), 383 et scgq. ; 
tinguaite-dykes, &e. of, 397, 398; 
P.-C. Breccia, 389, 392--93, 895-96, 
413-14. 

Port Elizabeth (Cape Colony), plateau 
extending from Caledon to, 70 ¢¢ 
seqq. figs. 

Port Errol (Aberdeen), red clay at, 
V7. 

Portobello Bay (N.Z.), camptonite- 
dyke in, 398 w. chem. anals. & 
pls.xxxviii-xxxix (microscope-sects.); 


S.W. Cape 


742 


Portobello Peninsula (N.Z.), 583, 
384; ulrichite ibid., 397 w. chem. 
anals. ; trachytes tbid., 399-400 w. 
chem. anal. ; Mount-Charles dole- 
rite near, 411. 

Portsoy (Banff), dark-blue clay near, 
34. 

Post-Triassic movement along Pennine 
Fault, Ixxxv. 

Pound-glas (Caermarthen), 605, 606. 

Pre-Glacial dislocations in Chalk of 
Moen, 484 ef seqq. 

Pressure, influence of, on granophyric 
structure, 271, 274; effects of, on 
outerop of Rush Slates, &c., 283- 
84. 

Prestwici medallists, list of, xxii, 

Pretoria district (Transvaal), geol. 
map presented, exxxil. 

Prior, G. T., 128. 

Productids of Rush sequence, scheme 
of lines of variation exhibited by 
semireticulate & scabriculate forms, 
305, 306 fig. 

Productus concinno-Martini, 871. 

concinnus, mut. D,, 872 & pl. 
XXXil, 

—— corrugatus, 308. 

aff. elegans, 378. 

jfimbriatus, characters & varia- 

tions of, 807-308; ef. fimbriatus, 

308 & pl. xxx. 

margaritaceus, 3808; convegt. mar- 

garitaceus, 3873 & pl. xxxii. 

punctatus contrasted w. Pr. pus- 

tulosus, 307. 

@, 872-73 & pl. xxxil. 

Prognathodus Guentheri, see Myria- 
canthus. 

Propagation of seismic waves, rate of, 
4638-65 et seqg. w. diagrams & 
tables. 

Proterozoic new spp. of Ommospira, 
Lophospira, & Turritoma, 552-72 
figs. & pls. xliii-xliy. 

Pseudomorphs after rhombie pyro- 
xene, 648. 

Pseudomurchisonia contrasted w. O7ro- 
spira, 553. 

Piychodus decurrens var. depressus, 
teeth exhibited, exxxili. 

polygyrus, teeth exhibited, iii. 

Puketeraki (N.Z.), leucitophyre of, 
405-406 w. chem. anal. 

Pumiceous tuffs of Llangynog district, 
235, 241 & pl. xxvi (microscope- 
sect.). 

Purakanui Bay (N.Z.), 383; tinguaite 
near, 396-97. 

Pygites, gen. nov., defined, 449; de- 
yelopmental stages of, 437. 

diphyoides, 449 & pl. xl. 
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Pygites spp., 449, 454 & pl. xli. 

Pygope detined, 445; developmental 
stages of, 437. 

deltoidea, 445 & pl. xli. 

—— (?) diphya, 446-47. 

—— Duvali, 436, 446 & pl. xl. 

—— (2) euganeensis, 448 & pl. xli. 

janitor, 445 & pl. xii. 

—— (1) misilmerensis, 448. 

— (1) rectangularis, 448, 

—— rupicola, 445. 

—— (?) solidescens, nom. nov., 447— 
48 & pl. xli. 

(Y) subtriangulata, 448. 

Pyromeridal structure in altered ba- 
salt of Theotonio Cataract, 110. 

Pyroxene-granulite of Santo Antonio 
Cataract, 118-19 w. chem. anal. & 
pl. v (microscope-sects.); sce also 
Augite. 


Quarantine Is. (N.Z.), 383; trachytes 
of district, 400. 

Quarrywood Hill (Hlgin), glaciated 
rocks at, 28. 

Qaartz in Buttermere & Ennerdale 
granophyre, characters of, 258. 

Quartz-felsite of Salto do Girao, 105- 
107 w. chem. anal. & pl. v (micro- 
scope-sect.); (%) of Caldeirao do 
Interno, 107-108. 

Quartz-mica-diorite, sce Banatite. 

Quartzite, erratic of, fr. Chalk of 
Strood, exxxiii; freshwater quartzite 
in Cape Colony, 71, 73, 75. 

Quartzose gravel from Lane End, 
CXXXV. 


Raise Gill (Lake District), shatter- 
belt in, Ixxx. 

Raised beaches in 8.W. Cape Colony, 
eteos 

Range-diagram of brachiopods in 
Avonian of Mendip area, pl. xxxiv; 
do. of corals ibid, pl. xxxv; of 
Liassic Dentaliidex, 593; of Taran- 
non graptolites, table ii, facing 
p- 692. 

Rasrau, R. H., on the Buttermere & 
Ennerdale Granophyre, 253-73 w. 
maps & pls. xxvii-xxviii (micro- 
scope-sects. ), 

Rastrites maximus, inclusion of zone 
oh Tarannon Series, 696-97, 700, 

Rauchwacké-outerops & Ticino lakes, 
168 e¢ segg.; chein. anals. of rauch- 
wacké, 177. 

Ravuiy, F. V., obituary of, lvi. 

Rauone Beach (N.Z.), 382, 391. 
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Reading Beds, quartzose gravel fr. 
upper part of, cxxxv; main source 
of Clay-with-Flints, 184 et segq., 
145 e¢ seqq., 157 et segq.; R. B. of 
Winterbourne & Boxford district, 
501, 508 ez seqg. 

Recumbent folds produced as a result 
of flow, 716-21 figs. 

Red Clay of Aberdeenshire coast, orig. 
& derivat. of, 18-20; relat. of Chalk- 
flints to do., 20-21; absence of shell- 
beds in do. explained, 24-25, 

Redhill Beds of W. Caermarthen- 
shire, 687-89 w, lists of fossils. 

Red Pike (Buttermere), 253. 

Reef-forming agent, importance of 
Halimeda as, 702 et seqg., 709-10, 
711. 

Reip, A. S8., 52. 

Revevinr, E., letter of condolence on 
death of, exxxli. 

Retardation, rate of relatiye, see Bire- 
fringence. 

Reticularia cf. reticulata, 375. 

Revlin Crag (Hnnerdale), 257, 260. 

Reynotps, 8S. H., 326; on the Igneous 
Rocks of the Hastern Mendips (¢itle 
only), Vii. 

Rheetic outlier W. of Carlisle, origin 
of, Ixxxvi-1xxxvii. 

Rhayader Pale Shales, eqi:ivalent in 
Tarannon area, 696, TOU. 

Rhipidomellu, invalidity of its dis- 
tinction fr. Schézophoria, 309. 

Rhomboidal fault-blocks in 
District, Ixxx. 

Rhydywrach (Cacrmarthen), 610, 616. 

Rhynchonella- Flags = Lower Whit- 
cliffe Flags, 199. 

Rhyolites of Llangynog district, 233, 
934, 237, 241, 242-48, 245 & pl. 
xxiv (microscope-sect.), 248. 

Rhyolitic breccia of Llangynog dis- 
trict, 238, 241-42. 

Ribeiraio Cataract (Rio Madeira), hap- 
lite, &e. of, 102. 

Riccarton Beds, equivalents in Taran- 
non area, 692, 695, 

Ricnarpson, L., on Liassic Den- 
taliide, 573-95 figs. & pl. xly. 

Ricurnoren, F, P. W. you, obituary of, 
lii-ly. 

Ridges, transverse stony, on Northum- 
brian coast, 537, 539 fig., 546-48 
fig. Mets. 

Rigidity, extreme, of earth’s interior 
as against stresses of short duration, 
467, ’ R 

Ritom, Lake (Ticino), 168-70 & pls. 
Vii-vili, xiii, Xvi. 

Riveralta (Brazil), 93, 95. 
Q.J.G.8. No, 248. 
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Riversdale (Cape Colony), sand-dunes 
of, 76. 

Robeston-Wathen Beds of W. Caer- 
marthenshire, 633-386 w. lists of 
fossils. 

Robusta-section of Lophospira defined, 
556. 

Rock-basins (Ticino lakes), 189-90. 

Rock-classification (American), ap- 
plied to Brazilian cataract-rocks, 
107, 112, 118, 119; applied to 
igneous rocks of Dunedin district 
(N.Z.), 414-16. 

Rock-types, diverse, & their effect on 
Lake-District scenery, c-cii ; rock- 
types of Dunedin district (N.Z.), 
387-423 w. chem. anals. & pls. 
XXXVI-XXXix (microscope-sects.). 

Rock-Valley Quarry (Mansfield), 125. 

Rosensuscn, H. [on certain igneous 
rocks fr. Dunedin (N.Z.)], 422-23. 

Rothes (Hlgin), S. margin of Moray 
ice-sheet near, 31. 

Rornererz, A., elected For. Meinb., v. 

Rowhedge (Berks), ur. Boxford, 
Chalk-exposures at, 513. 

Royston (Herts), relats. of Chalk & 
Boulder-Clay near, 491-98 figs. 

Ruddy Gill (Lake District), shatter- 
belt in, [xxviii 

Ruggens (=ridges) in Cape Colony, 
70 et seqq. 

Rush (Co. Dublin), Carboniferous 
rocks at, 275-823 figs. w. lists of 
foss. & pls, xxix-xxx (loss.); Rush 
Conglomerates, 279, 284-88 figs. ; 
Rush Slates, 279, 280-82 figs., 283- 
84 fig. 


S. Santo, see Hspiritu Santo. 

Saddle Hill (N.Z.), 390. 

Sail Hill (Ennerdale), granophyre of, 
257 & pl. xxviii (microscope-sects. ). 

St. Bride’s Bay (Pembroke), weathered 
pebble from, iv. 

St. Clear’s (Caermarthen), 602, 612, 
614, 615, 624, 626 ez segg. 

St. Fergus (Aberdeen), blue & red 
clays at, 19. 

St. Gotthard Lakes (Switzerland), 184— 
87 w. map & pls. xiv-xv, xxi. 

St. Leonard’s (N.Z.), type of trachy- 
toid phonolite, 401, 402 w. chein. 
anal., 403, 422. 

Salisbury Plain (Wilts) & the Alder- 
bury syncline, sect. across, pl. vi. 
Salt-pans in Cape Colony & their 

origin, 74. 

Salto do Giraio (Rio Madeira), granite- 
porphyry of, 105-107 w. chem. 
anal. & pl. v (nicroscope-sect.). 
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Sandy Mount (N.Z.), 383, 389, 391 ; 
Mount-Charles Dolerite near, 411; 
basalt at, 412. 

Santo Antonio Cataract (Rio Madeira), 
allanite in granite of, 114-15 w. 
fig.; granitite below 8. A., 115-18 
w. chem. anals.; pyroxene-granu- 
lite éhid., 118-19 with chem. anal. & 
pl. v (microscope-sects.). 

Sassnitz (Rigen), Drift-inclusion in 
Chalk of, 495 w. sect. 

Saunpmrs, J., 1387, 142, 161. 

Savage L., see Niue. 

Savernake Terrace Hill (Wilts), sect. 
to Standlych Down, pl. vi. 

Scale Force (Buttermere), granitic 
margin of laccolite, 256-57 & pl. 
xxvii (microscope-sects.) ; greisen 
near, 261. 

Scalites contrasted with Omospira, 
553. 

Scares (lenticular pockets) of coal, 
541. 

Scawfell Ashes (Borrowdale Series), 
lxxiv; shatter-belts among, lxxix; 
flinty alteration of, Ixxiv, lxxxi. 

Scenery of Lake District, as affected 
by diversity of rock-types, c-cil; 
scenery of Ludlow district, 201. 

Scuarrr, R. F., 571. 

Schizophoria resupinata, 309. 

(?)sp., 309. 

Scnon, B., 272. 

Scnwarz, HE. H. L., on the Coast- 
Ledges in the South-West of the 
Cape Colony, 70-86 figs. 

Scuro, Lake (Ticino), 172 & pls. xii, 
xix. 

Sea-level of Neapolitan coast lowered 
after eruption of Vesuvius, 481, 
483. 

Sea View (N.Z.), 389; porphyritic 
tinguaite of, 395, 397; Papanui 
Dolerite at, & basalt, 411-12. 

Seacliff (N.Z.), 389. 

Seatallan (Lake District), basic modi- 
ficat. of granophyre on, 257, 266. 
Seathwaite Fell(Lake District),shatter- 

belts of, Ixxviii. 

Snprrnoutm, J. J., elected For. Cor- 
resp., CXXXi. 

See House (N.Z.), sect. along Leith 
Valley to Reservoir, 417; trachy- 
toid phonolites of, 402-403 w. chem. 
anals.; Papanui Dolerite at, 411. 

Seismographic records & constitution 
of earth’s interior, 456; seismogr. 
rec. of Doncaster earthquake, 9. 

Sella, Lake (Ticino), 187 & pl. xv. 

Seminula-zone at Rush, 279, 288-89 ; 
faunal lists from, 297 ; correlation, 
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800-301; S.-zone in Mendip area, 
325, 333-84; lst of exposures, 
847-51 ; correlat. w. S.-z. in Bristol 
area, 3807; base defined by first 
oceurr. of Lithostrotion Martini, 
359; S.«zone of Ebbor-Rocks dis- 
trict, 364-65. 

Semireticulatus-subzone in 
area, 333-34. 

Sewage-works (Ludlow), sect. fig. & 
descr., 204, 206. 


Mendip 


’ Sewarp, A. C. [on fossil wood fr. 


Rigg], 63. 

Sgurr of Kigg (Hebrides), geol. struct. 
of, 40-69 figs. & pls. iii-iv. 

SuAkespeaR, Mrs. G. A., see Wood, 
Miss E. M. R. 

Shap Andesites & Rhyolites (Borrow- 
dale Series), lxxiv. 

Shap Summit (Westmorland), sect. 
fr. north of, to Howgill Fells, 
xeVili. 

Shatter-belts defined, Ixxvii; distri- 
bution of, in Lake District, lxxvili 
et seqqg.; modificat. of old drainage- 
lines along, cli-cxxiii figs. 

Shell-beds, their absence in Aberdeen- 
shire Red Clay explained, 24-25; 
their presence on §. border of Moray 
Firth, 32-33. 

Snerpory, C. D., x, 571. 

Suipeman, J., 125. 

Sholeshook Beds of W. Caermarthen- 
shire, 636-87 ; list of fossils fr. do., 
634-35. 

Shrinkage of Glacial ice in Aberdeen- 
shire, &c., 15-16. 

Sisty, T. F., on the Carboniferous 
Limestone (Avonian) of the Mendip 
Area (Somerset), with especial refer- 
ence to the Paleontological Se- 
quence, 324-78 figs. & pls. xxxi- 
XXXV, 

Sigillaria in Millstone Grit (?) of 
Ebbor Rocks, 362. 

Signal Hill (N.Z.), 884; trachytoid 
phonolite of, 402, 403 w. chem. 
anal., 418. 

Silurian, highest, of Ludlow district, 
195-222 figs. w. lists of foss. & 
pl. xxii (map); Silur. (7) limest. 
proved in Cannock-Chase Colliery, 
523, 528, 529; see also Tarannon, 
Wenlock, dc. 

Silver Cove (Ennerdale), 257, 260. - 

Skerries (Co. Dublin) Conglomerates, 
275, 822, 328. 

Skiddaw Slates, dominant characters 
of, Ixxiii; Sk. Sl. in neighbourhood 
of Buttermere & Ennerdale, 253 
et segq. 
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Skye (Hebrides), physiographical 
comparison of Lake District with, 
Ixxxix. 

Slade Beds of W. Caermarthenshire, 
639-40 w. lists of fossils. 

Snater, Miss I. L. (& Miss G. L. 
Elles), on the Highest Silurian 
Rocks of the Ludlow District, 
195-221 figs. & pl. xxii (map). 

Slotsgavelne (Méen), Drift below 
Chalk-cliffs of, 486. 

Sita, B., 272. 

Smith’s End, see Pinner’s Cross. 

Suyrun, J. A. (& G. A. Lebour), on a 
Case of Unconformity & Thrust in 
the Coal-Measures of Northumber- 
land, 530-50 figs. & pl. xlui (sect.). 

Sonnas, W. J., on Recumbent, Folds 
produced asa Result of Flow, 716- 
19 figs. 

Souty, R., award fr. Lyell fund to, l- 
li. 

Solomon Is. (Pacific), Hadimeda-limest. 
le, Alby 

Solution of rauchwacké determining 
Alpine lakes, 178-80, 183-84, 189- 
90; of limest., determining Irish 
lakes & gulfs, 293. 

Sommerspiret (Méen), 487-88. 

Sound-area of Doncaster earthquake, 
9; nature of sound z/d., 9-10; time- 
relations of sound & shock zbid., 
10-11. 

Sounding-machine for lake-depths, 
167. 

South America, chief lines of folding 
in, 91-92 w. map ; see also Madeira, 
Rio. 

Special General Meeting, ii. 

Spherulites of delessite (?), 110. 

Spherulitic rhyolites of Llangynog 
district, 241 & pl. xxiv (microscope- 
sect.), 242-48, 245; spherulitic 
structure in tinguaites, &c. of 
Dunedin district (N.Z.), 394-95, 
402, 423. 

Spicer, Rev. E. C. [on Clay-with- 
Flints], 137, 138, 161. 

Spirifer bisulcatus, gens of, SOs Lat 
bisulcatus, 375-76. 

ef. furcatus, 376. 

striatus, gens of, 310. 

Spirifera-elevata Shales, 198, 205, 208 
et seqq. 

Spiriferina cf. octoplicata, 3876. 

Stair Knott (Ennerdale), 257 ; aplitic 
yeins in granophyre at, 261. 

Standlych Down (Wilts), sect. to 
Savernake Terrace Hill, pl. vi. 

Stay-a-little (Montgomery), 675, 676. 

Sterkstroom plateau (Cape Colony), 83. 
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Stirling Hill (Aberdeen), 20, 21. 

Sronss, J. T. (& W. Hind), on the 
Carboniferous Succession below the 
Coal-Measures in North Shropshire, 
Denbighshire, & Flintshire (¢itle 
only), Cxxxi. 

Stone-reefs, formation of, 77-78. 

Storre Taler (Moen), Drift-inclusions 
in Chalk of, 484-85. 

Strandflade (=coast-plane), 87. 

Striated rocks on 8. border of Moray 
Firth, 27-28; on Sgtrr of EHigg, 
61, 

Striation, glacial, conditions deter- 
mining, 492. 

Strood (Kent), quartzite -erratic fr. 
Chalk of, exxxiii. 

Structural complexity (in corals), a 
function of time, 313. 

Sty-Head Group (Borrowdale Series), 
Ixxili, Ixxiv; Sty-Head Valley, 
physiographical history of, exviii- 
exix. 

Submerged valleys of Atlantic sea- 
board, &., 84 ef segg.; of Otago 
Peninsula, 384 ¢¢ segq. 

Submergence in Aberdeenshire area, 
21; on.8. border of Moray Firth, 
32-34; extent of former submer- 
gence in Dunedin district (N.Z.), 
386. 

Subperforate stage in Pygope, 438, 
447-48 & pl. xh. 

Sulphuretted hydrogen in lJake-de- 
posits, 179. 

Svantevidsten (Méen), erratic, 487. 

Swampy Hill (N.Z.), 384, 387, 389, 
390. 

Syenites of Theotonio Cataract, 109, 
113. 

Sylvite in Vesuvian ejectamenta, 483. 

Symphysurus Apolonista, sp. nov., 
425-26, 427 & pl. xl. 

Syncline, main, of Tarannon area, 
652. 

Syringopora cf. reticulata, 313 & pl. 
XXIX. 

Syringothyris-Zone at Rush, 279, 282- 

83, 284-88 figs. ; faunal lists from, 
296-97; correlation, 300-301; S.- 
Zone in Mendip area, 325, 331-33; 
list of exposures, 344-47 ; correlat. 
w. S.-Z. in Bristol area, 355-57; 
S.-Z. at Ebbor Rocks, 365-66. 

Syringothyris aff. cuspidata, muts. K 
& C, 376. 

—- subconica, 311 & pl. xxx. 

Table-Mountain Sandstone, 72, 73, 88. 


Table Rocks (Northumberland) & 'T.- 
R, Sandstone, 530 et seqq. 
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Taiaora Head (N.Z.), 382, 391. 

Tarr, D., 61,62; on fossil wood at 
Setur of Kigg, 58. 

Talerddig (Montgomery), sect. descr., 
665-66 ; sect. to Dolgadfan across 
Newydd Fynyddog, pl. xlviii. 

Palerddig Grits, 657-60, 665-66, 669- 
70, 674 et segg., 694-95. 

Talfan (Caermarthen), 608, 609, 629, 
638. 

Taneda, Lake (Ticino), 172-78 & pl. xx. 

Tarannon (Montgomery), topography 
& general geology of district, 650— 
53; typical sect. in Tarannon R. 
deser. & fig., 653-64; generalized 
longitud. & vert. sects., 688, 690. 

Tarannon Series of arannon, 644- 
701 figs. w. lists of foss. & pls. xlvii— 
xlviii (map & sects.). 

Tarns of Canton Ticino, 165-94 w. 
map & pls, vil—xxi. 

Tave Valley (Caermarthen), 601, 602 
et seqq., 636, 637. 

Tear-faults defined, Ixxvi—-lxxvii ; pre- 
valence of shatter-belts along t.-f., 
lxxx; t.-f. on N. side of Buttermere 
laccolite, 257. 

Tebay (Westmorland), sect. through, 
fr, Howgill Fells to N. of Shap 
Summit, xeviii. 

Tectonics of Ludlow district, 200- 
201; of Llangynog district, 246-47 
w.sect.; of Mendip area, 336-88; of 
W. Caermarthenshire, 598-GO1 ; see 
also Earth-movements, Faults, &e. 

Teme River (Shropshire), sect. fig. & 
descr., 202-205. 

Temeside Group, 198, 199, 203 e 
segqg. figs.; Temeside Bone-Bed, 
205, 211, 217. 

Terebratula Aspasia, 438-39, 454 & 
pl. xh. 

—— diphya, 433 & seqq. 

erbaensis, 439, 454 & pl. xl. 

Terebratuloids, developmental stages 
in some, 450. 

Tertiary date of Lake District uplift, 
Ixx-Ixxi, xe ; Tert. igneous rocks, 
sequence of, in Hebrides, 42; ert. 
orig. of Clay-with-Flints, 183  e¢ 
seqg. ; Vert. sandst., &e., of Dunedin 
district (N.Z.), 389-91; see also 

- Pliocene, Reading Beds, fc. 

Teschenite of Dunedin district (N.Z.), 
399. 

Tetragraptus-Beds of Llangynog dis- 
trict, 226-29; of W. Caermarthen- 
shire, 603-13 w. lists of foss. 

Theotonio Cataract (Rio Madeira), 
basalt, &e. of, 108-13 w. chem. 
anals, & pl. v (nicroscope-sect.). 
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Tnomas, H. H., 598; (& T. C. Can- 
trill), on the Igneous & Associated 
Sedimentary Rocks of Llangynog 
(Caermarthenshire), 225-50 figs. & 
pls. xxili-xxvi. 

Thomson, R. L., 48. 

Tromson, ‘I’, P., exhibits photographs 
of Perim I., exxxvi. 

Thrusts, intersecting, in Cyathaxonia- 

Beds of Rush, 290-91 fig.; thrust 
& unconformity in Coal-Measures 
of Northumberland, 530-51 figs. 
& pl. xlii (sect.) ; see also Harth- 
movements, Tectonics, dc. 

Thrust-planes determining 
formation, 177. 

Ticino, Canton (Switzerland), tarns 
of, 165-94 w. map & pls. vii-xxi. 
Tipprman, R. H., elected to Council, 

ili, xxiv. 

Time-curves of first & second phases 
of preliminary earth-tremors, 461— 
63 fig. 

Time-relations of sound & shock in 
Doncaster earthquake, 10-11. 

Time-trait (paleont.) defined, 305. 

Tin-Mill Race (Shropshire), Upper 
Silur. at, 211-13 w. sect, 

Tinguaites of Dunedin district (N.Z.), 
394-97 w. chem. anals. & pl. xxxviil 
(microscope-sect.). 

Tjornes (Iceland), 712, 713. 

Tom, Lake (Ticino), 170-71 & pls. 
ix-x, xii, xvii. 

Tomahawk lagoon (N.Z.), 882. 

Tonga Is., Halimeda-deposits in, 706. 

Tor Hill (Somerset), Avonian of, 350. 

Torlessia Mackay, iv. 

Torre Annunziata (Italy), 477. 

Torre del Greco (Italy), 479. 

Torridonian fragments in Wigg ag- 
glomerate & breccia, 54 et seqq. 

pe (Aberdeen), red & grey clays at, 

-17. 

Trachydolerites, hypabyssal, of Dun- 
edin district (N.Z.), 897-98, 406-407 
w. chem. anals, 

Trachyte of Dunedin district (N.Z.), 
399-400 w. chem, anals, 

Trachytoid phonolites of Dunedin 
district (N.Z.), 401-404 w. chem. 
anals, 

Transvaal Geol. Surv. map presented, 
CXXxil. 

Traquair, R. H., 217. 

Tre-hyrn (Caermarthen), diabase of, 
235, 244 & pl. xvi (microscope-sect.). 

Treacumr, Lr, (& H. J.O. White), on 
the Phosphatic Chalks of Winter- 
bourne & Boxford (Berkshire), 
499-521 figs., 522 w,. lists of fossils. 


valley- 
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Treaseell (Caermarthen), 618. 
Trefanty (Caermarthen), 602; list of 
Bala-Limest. fossils from, 634-35. 
Tremorgio, Lake (Ticino), 182-84 & 

pls. xiii-xiv. 

Triassic rocks, their former extension 
in North of England, Ixxxiv-Ixxxy ; 
Tr. rocks all but girdling the Lake 
District, xc-xci. 

Trilobites from Bolivia, 425-80, 432 
& pl. xl. 

Trinucleus boliviensis, sp. nov., 425- 
26, 427-28 & pl. xl. 

Trochonemoides-section of Lophospira 
defined, 556. 

Troutbeck Valley (Westmorland), 
physiographical history of, cix. 

Trust-funds, statement of, xxxvili- 
XXXIX, 

Tuffs of Llangynog district, see 
Andesitic Series. 

Turnn, J., 426. 

Turriff (Banff), Glacial clays at, 35. 

Turritoma, generic character of, 
569-70. 

—— (4) tenuifilosa, sp. nov., 570-71 & 
pl. xliy. 

Turcunr, J. W., 326, 582, 594. 

Ywin-earthquake at Doneaster, 5-12 
& pl. ii (map). 

Twymyn RB. (Montgomery), 650, 651, 
675, 677 ; Lwymyn Group, 681-82, 
683 et segq., 689. 

Tynewydd (Caermarthen), 613. 


Uintacrinus-Chalk in Winterbourne 
& Boxford district, 509 e¢ seqg. 

Uitenhage Beds (Cape Colony), erosion 
of, 74-75. 

Ullswater Basic Group (Borrowdale 
Series), Ixxiv. 

Ulrichite (camptonitic type of tin- 
guaite) of Dunedin district (N.Z.), 
397 w. chem. anals. 

Uneonformity & thrust, in Coal- 
Measures of Northumberland, 530- 
51 figs. & pl. xlii (sect.). 

Undulations, sce Wave-motion. 

Uniondale (Cape Colony), format. of 
recent burrstone in, 795. 

Uphill (Mendip area), igneous rocks 
assoc. w. Upper Zaphrentis-Beds at, 
356, 3879. : 

Uplands plateau (Cape Colony), 71 
et seqq. figs. ae 

Uplift producing Lake-District dome, 
Ixxi ef seqg., lxxxy-xev figs. ; see also 
Elevation. 


Vaenol (Montgomery), 669. 
Val Piora, sce Piora. 
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Valleys determined by thrust-planes, 
177; submerged, of Atlantic coasts, 
&e., 84 et segg.; do. of Otago Pen- 
insula, 3884 e¢ segq. 

Vallis Vale (Somerset), Avonian se- 
quence in, 338, 343 e¢ seqq. 

Vauauan, OC. A. 826, 372; [on the 
Faunal Succession & Correlation 
of the Carboniferous Rocks at 
Rush, Co. Dublin], 295-322 figs. & 
pls. xxix—xxx (foss.). 

Vesicles infilled w, chlorite, &c. in 
hyalopilitic andesites, 239, 241 & 
pl. xxvi. 

Vesuvius (Italy), eruption of, in April 
1906, 476-83 w. map & figs.; 
specims. of dust, lapilli, minerals 
& photographs exhibited, cxxxiii, 
CXXXI1V. 

Vobster, Upper (Somerset), Avonian 
of, 350, 353. 

Volcanic material in Red Clay of 
Aberdeenshire, 14; vole. district of 
Dunedin (N.Z.), sect. across, 420 ; 
see ulso Igneous, Vesuvius, Sc. 


Waikouaiti R. (N.Z.), 384, 390; 
nepheline-basanite in conglomerate 
of, 410; basalt-flow of, 412. 

Warnewricut, Miss V., 167. 

Waitaki R. (N.Z.), 383, 384. 

Wastwater (Lake District), grano- 
phyre, &e. of neighbourhood, 266- 
68 


Warts, W. W., receives Lyell award 
for R. Solly,1; communicates Dr. H. 
Pjetursson’s paper, 712. 

Waun-dis (Caermarthen), 229, 231. 

Wave-motion, seismic, different forms 
of, 456-58 ; paths pursued through 
earth’s interiur by, 465 et segq. 
figs. 

Weathered rocks, in Coal-Measures 
nr. Whitley, relationship in chem. 
composit. betw. unweathered rocks 
and, 542 e¢ seqg. w. diagram. 

Weathering, differential, determining 
lakes, &c., 185-87, 188, 190, 293. 

Wenlock Limestone, Lophospira from, 


567, 568; Wenlock Series in 
Tarannon district, 658-55, 664, 
669. 


Westbrook Farm,nr. Boxford (Berks), 
Chalk-exposure at, 520. 

WournErstt, G., discovers Oarb. 
Limest. foss. at Fair-Oak Colliery, 
525-26, 528. 

Wurraxer, W. [on orig. & distrib. 
of Clay-with-Flints], 152-38, 164 ; 
Prestwich medal awarded to, xlvii- 
xlviil. 
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Whitcliffe Flags (Upper & Lr.), 197- 
99, 202 et seqg. 

Wuirn, H. J. O., exhibits quartzose 
gravel fr. Lane End, cxxxv; [on 
Clay-with-Flints, &e.] 1385, 186, 
139, 147, 148, 161 ; (& Ll. Treacher) 
on the Phosphatic Chalks of Winter- 
bourne & Boxford (Berkshire), 499- 
521 figs. w. lists of fossils. 

Whitland Abbey (Caermarthen), 604, 
605, 615, 625. 

Whitley (Northumberland), uncon- 
formity & thrust in Coal-Measures 
near, 530-51 figs. & pl. xlii (sect.). 

Wigmore Road (Ludlow), sect. descr., 
205-207. 

Winterbourne (Berks), & Boxford, 
phosphatie Chalks from, 499-522 
figs. w. lists of fossils. 

Winwoop, Rev. H. H., exhibits water- 
colour drawings of Mexican scenery, 
exxxili-cxxxiv. 

Wottasron inedalists, list of, xxvii; 
donation-fund, list of awards from, 
XXVill. 

Wolsley Park (Staffs), borehole at, 
527. 

Woop, Miss E. M. R,, 227; on Grap- 
tolites from Bolivia, collected by 
Dr. J. W. Evans in 1901-190z, 
431-32; on the Tarannon Series of 
Tarannon, 644-99 figs. w. lists of 
fossils & pls. xlvii-xlviii (map & 
sects.). 

Wood, fossil, of Sgurr of Hige, 54-63 

Woopatt, J. W., obituary of, lxiv. 

Woopwarp, A. 8., 217, 571; on a 
New Specimen of the Chimeroid 
Fish, Myriacanthus paradoxus, from 
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the Lower Lias near Lyme Regis 
(Dorset), 1-4 & pl. i. 

Woopwarp, B. B., 433. 

Woopwarp, Hmnry, presents portrait 
of I’. McK. Hughes, vi; Wollaston 
medal awarded to, xli—xliii. 

Woopwarp, H. B., x; obituaries of 
G. J. G. Dewalque & F. V. Raulin, 
lv-lvi. 

Wricnt, G. F., exhibits map of 
Lebanon district, v. 

Wyfield Manor (Berks), see Boxford ; 
W.-M. Farm, Chalk-exposures near, 
511-12. 


Xenocrysts in igneous rocks of Dun- 
edin district (N.Z.), 421. 


Yewbarrow (Lake District), dykes on, 
256. 

Youne, A. @l, 516. 

Ythan Val ~‘Aberdeen), Glacial phe- 
nomenai 22, 26. 


x 


Zaphrentis-Zone at Rush, 279, 280-82 
figs.; faunal lists from, 295-96 ;- 
analysis of do., 299-300; Z.-Zone 
in Mendip area, 325, 328-31; list 
of exposures, 340-44; correlat. w. 
Z.-Z.in Bristol area, 354-55 ; Z.-Z. 
at Ebbor Rocks, 365-66. 

Zaphrentis aff. cornucopig, mut. C, 
366-67. 

aff. Mnnishillent, 315 & pl. xxix. 

ef. Phillipsi, 314 fig. 

Zitzikamma Mountains (Cape Colony), 
72 fig., 73 ed segg. 
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